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PREFACE TO SECOND GERMAN EDITION. 


GLYciERiNE belongs to those substances which are 
made extensive use of in numerous branches of 
chemical technology. It is not only the raw material 
for the production of nitro-glycerine, but is also 
employed in very considerable quantities, increasing 
year by year, in many other industries. The soap- 
maker and perfumer, the chemist and druggist, the 
dyer, and many others use this substance for their 
purposes. That it therefore occupies a very im¬ 
portant position needs no further explanation. 

The necessity for a new edition of this book gives 
the author the welcome opportunity to include an 
account of all the new processes proposed for the 
production, purification, and extended use of glycer¬ 
ine. The book is therefore anew a compendium of 
all worth knowing on that subject, wherein is also 
fully described the employment and the production 
of derivatives of glycerine, especially the preparation 
of nitro-glycerine, the examination of nitro-glycerine- 
containing explosives, the use of glycerine in the 
manufacture of toilet soaps, in perfumery, etc. 
T^'ach section has been re-written to correspond to 
tlie recent developments, and especially is described 
the examination of glycerine, and its determination 
in wine, beer, etc. 

The author wishes and hopes that the second 
edition of his work will meet with the same appro- 
l)ation that the first enjoyed. 


S. W. KOPPE. 
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GLYCERINE. 


INTilODUCTION. 

Glyceb,ine belongs to those substances which have 
long been known—it was discovered by Scheele in 
1779—but it has only found extensive application 
more recently, as it only then became possible to pt5- 
duce it on a large scale, it having previously been 
regarded as a by-product of but little importance. 

The close study of glycerine produced in the pure 
state, shows that this body possesses properties which 
render it particularly suitable for the production of 
toilet preparations, as well as for many medical pur¬ 
poses. The properties possessed by the substance 
obtained by the nitration of glycerine are fechnically 
of the greatest importance, since these sei^’e for the 
production of the most powerful explosives yet 
known. 

In addition to the last-named purpose, glycerine is 
actually used in large quantities in the manufacture 
of fine soaps and toilet preparations, and on account 
of its action on the skin it is a toilet article of the 
first rank. 

By far the largest quantity is used for the pro- 
1 
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duction of nitro-glycerine, and thence the pre¬ 
paration of explosive products; it is also used, in 
the second place, in the manufacture of soaps and 
perfumery. 

The discovery of glycerine took place, as has al¬ 
ready been mentioned, in the year 1779, and the 
credit for its discovery belongs to the chemist Scheele, 
since he carried out a close investigation on the 
substance formed by the treatment of fats with 
litharge. Scheele already recognized one of the 
characteristic properties of this newly discovered 
body, viz. its intensely sweet taste, and called it on 
that account sweet oil it was also occasionally 
spoken of as fat-sugar 

The name glycerine derived from the Greek word 
y\vKv<^ = sweet, was first employed by Chevreul 
in the year 1814, and this chemist also studied in 
some detail the properties of glycerine in relation to 
its chemical constitution and decomposition pro¬ 
ducts. Although now the industry has at its disposal 
considerable quantities of glycerine in the lyes from 
soap-making, it was formerly not produced • on the 
manufacturing scale, since no suitable method for 
the recovery of pure glycerine on the large scale 
was known, nor any application for the substance 
itself. 

In the year 1821, when the production of crystal¬ 
line fatty acids on the large scale for the manufac¬ 
ture of stearine candles was commenced, it became 
urgently necessary to seek some application for the 
glycerine also separating in this manufacture in large 



INTRODUCTION 


o 


quantities as a by-product. It required, however, 
still a relatively very long time before it was possible 
to produce glycerine itself in a highly pure state and 
at the same time in considerable quantity. The 
credit for having first introduced very pure glycerine 
into commerce probably belongs to the firm of Sarg 
in Liesing, near Vienna, who at the end of the year 
iSfiO first produced glycerine clear as water and 
odourless ; in England, Prices’ Patent Candle Co., of 
London, appeared on the market with the new 
product about the same time as Barg in Vienna.. 

Of the artificial compounds olitained from gly¬ 
cerine, nitro-glycerine is unquestionably that of most 
technical importance. This compound was dis¬ 
covered by Sobrero in the year 1847, Imt it did not 
attain other than scientific importance; it was 
through the work of the Bwedisli engineer Nobel, 
in 1808, that nitro-glycerine first came into technical 
notice as an explosive material of any importance, 
and this new explosive has fi.rst made possible the 
execution of the vast tunnels, and other works of 
modern times, in a very short time, e.g. Mont Cenis, 
St. Gothard, Arlberg, Simplon, etc.). 

How extensive, moreover, is tlie applicability of 
glycerine is shown by the following summary of the 
purposes for whicli it is used. The most important 
of these applications we sliall have to discuss in more 
detail later. 

Glycerine is used : for extraction of hops, as an 
addition to wine (forbidden by law), in the manu¬ 
facture of liqxieurs, for the production of lemonade, 
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punch essence, sweetmeats, in chocolate-making to 
prevent the drying of the chocolate, in fruit preserv¬ 
ing, for the preservation of white of egg, yolk of 
egg, and flesh, in mustard-making, as an addition to 
vinegar, chewing and snuff tobacco, in cosmetics and 
numerous toilet articles, as cold cream, pomade, slvin 
and hair remedies, in perfume manufacture for exti’ac- 
tion of the moi*e delicate floral scents, which are de¬ 
stroyed by distillation. It is used in finishing, in 
spinning and weaving, for production of not dry 
dressed muslin, in tanning, dyeing, and calico-jirinting, 
for production of parchment and coloured paper, in 
the manufacture of artificial wool, for softening and 
keeping moist driving belts, sole leather, modelling, 
etc., in glue and gelatine making, in the production of 
printing rollers and hectograph blocks, as also elastic 
blocks, for filling gas meters, hydraulic presses, and 
floating compasses, for lubricating clocks and ma¬ 
chinery, for keeping guns clean, for production of 
copying inks, inks for stamping, and copying-pa] )er, 
in the manufacture of paper-hangings and soajis, 
in the iron foundry for the manufacture of cast-iron, 
in photography, for the manufacture of blacking, 
luting, hot-water heating, etc. The largest quantity 
is, however, employed for the production of nitro¬ 
glycerine and dynamite, while it also serves for the 
manufacture of formic acid, allyl alcohol, and arti¬ 
ficial mustard oil. 

Glycerine is used, moreover, for the ])reservation 
of anatomical specimens and the lymph for vaccina¬ 
tion, for extraction of pepsin, for the preparation of 




iNTRODITCTION 


S 

liniments, salves, injections, for keeping moist pill 
and tablet masses, for court-plaster, and gelatine 
capsules, as solvent for medicinal substances, as 
remedy for chapped skin, for earache, for skin- 
diseases, etc. 



CHAPTEE I. 


THE CHEMICAL PROPERTIES OF GLYCERINE. 

Glyoebink, so far as at present known, does not 
occur in nature in the free state; but exists in very 
many combinations, and can be produced by estab- 
lislied cliemical processes. As was shown by 
Chevreiil in the first quarter of the last century, 
true fats, wliether of the animal or of the ve^^etable 
kingdom, exist as combinations of various acids 
with glycerine. Since, then, in all animal and vege¬ 
table organisms fat is found, we can describe gly¬ 
cerine as a universally disseminated product in 
animal and vegetable bodies. 

We also know, moreover, various processes by 
which certain definite quantities of glycerine are 
produced, and the most interesting of those is the 
fermentation of spirituous liquors. If one allows 
wine-must or sweet - wort to ferment, there is 
formed, besides alcohol and carbon dioxide, a certain 
quantity of glycerine as a fermentation-product. 
By allowing one of the above-mentioned liquids, or 
even pure sugar solution, to ferment, one obtains 
besides alcohol, glycerine and succinic acid, and 
that in pretty considerable quantity ; for example, 
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from numerous researches, wine contains up to 2 
per cent glycerine, while in beer 0-9 per cent may 
be found. By the many processes which take place 
during the production of rancidity in fats, glycerine 
is also formed, being liberated in the free state. If 
one exposes palm oil, a fat very liable to become 
rancid, for several months in thin layers to tlie air, 
and then extracts with water, the presence of gly¬ 
cerine is readily detected. 

As regards chemical constitution, glycerine is an 
alcohol, a trihydric alcohol, that is one in which, 
tliree atoms of hydrogen are replaceable by a mono¬ 
basic acid radicle. By such substitution, compounds 
are obtained which are known as eth.ers or esters. 
Fats are then etliers, esters, or glycerides. 

The composition of glycerine may be expressed 
by the formula ; having regard to the fact 

that in the three hydroxyl groups, which are present 
in glycerine, all the hydrogens may be replaced l)y 
an acid radicle, one has the rational formula for 
glycerine 

J^lxpressing l)y K a monobasic acid radicle, the 
following compounds with glycerine are possible i'— 


G,H, 


[ o n: 


o:n 1 

• on 


OE and G.,!] , \ 

[ OE 

OE ' 


OE 

OE 


Compounds oli. the al)ove constitutions inay be 
produced artificially; the glycerine compounds or 
glyccirides occurring in. nature, are compounds in 
which all tliree substituted hydrogen aton.is are 
replaced by an acid radicle. Stearic acid has the 
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composition ; the glyceride of stearic acid 

occurring in fats is tristearin, of the formula 
C,a(OC^^H3P),. 

Palmitic acid, and oleic acid, 

occur in fats likewise, as tripalmitin, and triolein re¬ 
spectively, and accordingly many fats are mixtures 
made up of various proportions of tristearin, tripal¬ 
mitin, and triolein, or simply stearin, palmitin, and 
olein, while others consist of similar glycerides, as 
linolin in linseed oil, etc. The fats obtained from 
sheep, cattle, and hogs, as also coconut oil, palm 
oil, nutmeg' butter, etc., belong to the first-named 
group, and have the following composition:— 

== stearin 

CyHr,(OGj,J-I.jP )3 = palmitin 
= olein 

If one treats one of the above-mentioned com¬ 
pounds, or a mixture thereof, i.e. a naturally occur¬ 
ring fat, with a metallic hydroxide, the glyceride is 
decomposed in such a way that the glyceryl, C^H^, 
adds on three hydroxyl groups, 8OH, and glycerine 
is produced. This process, which is carried out on 
the large scale, is that whicli is generally ex])ressed 
by the name saponification. 

-h 3KHO = 

ti’istearin potassium glycerine potassium 

hydroxide . stearato 

If one uses, instead of potassium hydroxide, the 
hydroxide of a metal like calcium, lead, etc., wdiich 
forms with the fatty acids an insoluble compound, 
the glycerine is obtained in solution in the pure 
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condition, and tliis was the method by whicli one 
was accustomed formeidy to prepare glycei;ine. 

In addition to this metliod, which is one of tlie 
treatments by wliich one ])roduces glycerine in 
quantity, glycerine can also be produced by various 
other methods, also in quantity, l,)ut we will return 
to these metliods when dealing with the commercial 
production of glycerine. 

One interesting preparation of glycerine, from the 
theoretical point of view, is tliat by which acetone is 
reduced with formation of glycerine. 

Glycerine can be obtained from acetone Iry mix¬ 
ing the latter with zinc and acetic acid ; the lil)erated 
hydrogen causes the reduction of the acetone into iso¬ 
propyl alcohol according to the following e(]uation :— 

C,H ,;0 -h Ih - C,TI-(OII) 

aoefcoiui liydro/jfun isoiu'opyl a,lc.()Iiol 

By treatment with zinc chloride watc'-r is removed 
from the isopropyl alcohol, and it l)eco}nes propylene. 

G, 117(011) - H ,0 - 

alcohol wato' i)ropylonc. 

By treatment of propylene with iodine cliloride, 
one obtains propylene iodochloride CyH.jCJlI, and 
from this, by tlie action of cldoriiui in presence of 
water, clilorpi-()])ylenc, C.jPI^.Cl.,, is produced. Tliis 
compound is trc'.ated once more witli iodine cliloride 
in scaled tubes at a temiierature of 140” 0., wlieii 
it is converted into triclilorhydrin, If this 

is heated with, caustic potash, glycerine and potas¬ 
sium cliloride are luoduced :— 

G,H,C1, 4- dKOII - G.,II,(Oil), + 3KG\ 

triclil<»rhy<lrin jMihiH.sijim g‘ly<’Ofiine pohiHsiiuii 

liy(lroxi<lc chloi*i<le 


CHAPTEE II. 


COMPOUNDS AND DECOMPOSITION PRODUCTS OF 
GLYCERINE. 

The relationship of glycerine with the substances 
known as alcohols ” is proved by the fact that 
glycerine forms compounds which are similar in 
composition to those of other alcohols. Ordinary 
alcohol (ethyl alcohol) can be changed into ethyl 
ether by abstraction of water; under similar con¬ 
ditions glycerine gives glycerine ether (ester) ; ethyl 
alcohol forms with acids certain definite compounds ; 
glycerine behaves in quite a similar way. 

The compounds of glycerine are of practical inter¬ 
est, in so far as possibly the one or the other may 
appear as an intermediate product in the production 
of glycerine on the large scale, e.g. the compound 
which glycerine forms with sulphuric acid. 

G LY(JERO-SULTHURIG ACII). 

In the production of this compound, one mixes 
two parts by measure of concentrated sulphuric acid 
with one part of concentrated glycerine, with con¬ 
tinuous stirring, whereby the mixture becomes in¬ 
tensely hot; afterwards the mixture is cooled to the 

/I f\\ 
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oldinary temperature, diluted strongly with water, 
and milk of lime added until the liquid has no longer 
an acid reaction. At the bottom of the vessel is 
thrown down a precipitate of gypsum, whilst the 
supernatant li(piid is a solution ol; calcium giycero- 
sulphate ; by concentrating l)y evaporation, and cool¬ 
ing this solution, one obtains the salt in the form of 
crystals. 

In order to obtain the glycero-sulphuric acid in 
the free state, one adds the cold prepared solution 
of the calcium glyccro-sulphate to exactly so much 
oxalic acid solution as is necessary for tlie neutral¬ 
ization of the lime; there separates Iieavy insoluble 
calcium oxalate in the form of a granular pre¬ 
cipitate, whilst the glycero-sulphuric acid remains in 
solution. 

Tlie conipouud is souustal)le, that it is decomposed 
by merely wanning the solution; in order, therefore, 
to obtain it in the anhydrous condition, one must free 
it from water under the receiver of an air-pump, and 
over sulphuric acid, and tlms obtain finally the pure 
glycero-sulpliuric acid in the form of a colourless, 
sour-tasting syrup, which compound, having regard 
to tlie dil)asic character of sulphuric acid, must be 
written as (^11,(OH),,(080,,OH). Tlie formation of 
glycero-sulphurit', acid may be represented by the 
following etpiatio]!:— 

0,11,(OH), + n,80, == 0,H,(OH), (OBO,H) -f H.O 

f!;lycoriiui Hulphuric ji^lyccivino-Hulplmrif water 

aci<l acid 

Glycero-sulpliuric acid is formed as an intermediate 
product in the decomposition of fats by means of 
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acid in the so-called “acid saponification”; whilst 
from the glyceride, e.g. tristearin, stearic acid is formed, 
the glycerine in the moment of its liberation unites 
with the sulphuric acid. But in the decomposition 
of fats by acid, higher temperatures are employed, so 
that the glycero-sulpluiric acidis immediately again 
decomposed into glycerine and sulphuric acid, and 
this latter is once more available for the decomposi¬ 
tion of fresh fat. 


Glyoeeine Ether. 

As is well known, ordinary alcohol forms, when 
warmed with sulphuric acid, a compound, ethyl-sul¬ 
phuric acid, which is a compound completely anal¬ 
ogous to glycerine-sulphuric acid; by heating above 
140° the ethyl-sulphuric acid decomposes into ethyl 
ether and sulphuric acid. 

By treating very concentrated (anhydrous) gly¬ 
cerine at a high temperature, with concentrated 
sulphuric acid, not only is the first-formed glycerine- 
sulphuric acid decomposed into its constituents, but 
water is also removed from the glycerine, and acro¬ 
lein is produced, owing to the great dehydrating 
action of sulphuric acid, which is not exhausted even 
by the hydroxyl groups of glycerine: — 

C^tLXOH), = C,H,0 + 2H,0 

fflycerine acrolein water 

.We shall have to return later to the properties of 
acrolein itself, since it is one of the frequently appear¬ 
ing decomposition products of glycerine, and is of 
practical importance in the study of fats. 
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By treating glycerine with substances which act 
less energetically than sulphuric acid at high tem¬ 
peratures, only little acrolein is formed, but chiefly 
glycerine ether. For the production of glycerine 
ether, one lieats in a spacious distillation apparatus 
4 parts of concentrated glycerine with 8 parts of 
powdered calcium cliloihh^. The mass froths on 
wai-ining strongly, and gives off' l)etwcen 170" and 
178' copious vapours ol glycerine ether 
This can l)e again rediuicd to glycerine l)y prolonged 
lieating with water. 

Gl vcuuio-iniosriK )\iic Aoin. 

By treating concentrated glycerine with glacial 
pl'i,os[)]ioric acid glycero-phosphoric acid is produced; 
one neutralizes the liquid with, barium carl)onate, de¬ 
composes the solution of barium glycero-pliosphate 
with sulphuric acid, and concentrates the solution in 
vacuo to a syrupy consistency. By lieating, the 
C()m|)ound is decomposed. 

(xlycero-pliosphoric acid, liitherto of no practical 
importance, is a very interesting l)ody to the physio¬ 
logical chemist, because it forms an essential constit¬ 
uent of the nerve substance of the alveolus, and of 
eg^^-yollv. _ . _ _ 

By treating glycerine with haloid acids, or with 
phosphorus iodide, nitric acid, etc., one can produce 
from glycerine a great numl)er of sul)stituted com¬ 
pounds ; up till now only one of these substitution 
products, viz. the nitro-product, finds employment 
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technically. We can therefore limit ourscilvcs to a 
merely brief description of these l)odiGs having only 
theoretical importance. 

The CiiLORHYninNS. 

By treating glycerine with hydrochloric ^ axdd, a. 
number of compounds are formed, whicli arc', inicu*- 
esting examples of the substitution process, and 
throw considerable light on the constitution of 
glycerine. 

Hydrochloric acid acts on glycerine in various 
ways' according to the temperature and pressuiaY 
When a current of hydrochloric acid gas is passcul 
through glycerine so long as it is absorbed by tlu^ 
liquid, in a closed tube and heated up to the boiling- 
point of water, the product neutralized with potassium 
carbonate, and extracted with ether, a liquid is ob¬ 
tained, whose boiling-point is 220" C., spec'ific, 
gravity 1*4, and which has a sweet taste. This licjuid 
is the simple chlorhydrin, or monochlorhydrin, having 
the constitution C 3 Hr/OH^)Cl. The reaction may 
be represented by the following equation:— 

C3H,(0H)3 h- HCl = H,0 -f C3H,(0H.)( !1 

glycerine hytlrochloric water inonot^blorliydrin 

acid 

By heating glycerine with about fifteen times its 
weight of hydrochloric acid in a closed tube up to 
100° C. for ten to twelve hours, one obtains by sub¬ 
sequent distillation an ethereal fragrant litjuid, hav¬ 
ing specific gravity 1-383, and boiling-point 17d” (h 
This is dichlorhydrin, C 3 Hr/OH)CL. 
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C.,H,,(OII)., + 2HC1 = 2H,0 + C.JI,(OH)Gl. 

fi'lyporinti hydrochloriu wiitcr (lichlovhydrin 

acid 

Since there are three hydroxyl groups in glycerine 
which can be replaced by otlier radicles, it must form 
a trichlorhydrin. This, however, is not produced 
by the direct action of hydrochloric acid on glycer¬ 
ine, but can only be obtained in an indirect way. 
By treating dichlorhydrin with, ])hosphorus penta- 
chloride, trichlorhydrin is produced in the following 
manner:— 

G,H,(011)01., H- PCI, =- HGl + I^OGl, -h G,Ii:,01, 

(iichiorliydrii/' l>hoHj)h()riis liy<lro- pliosphoniH triclilor- 

penta- chlorio «>\-ychlorido hydrin 

clilorido Judd 

Trichlorhydrin has a specihe gravity of 1-417, 
boils at l/iT)" C., and may be regarded as glycerine 
in which all tliree hydroxyl groups are rciplaced l)y 
chlorine. By long continued heating of trichlor¬ 
hydrin with water at a high temperature in a sealed 
tube, it is again broken up into hydrochloric aevid and 
glycerine, a proof tliat the radicle C.,EC,^ (glyceryl) has 
remained intact. 

When trichlorhydrin is treated with chlorine gas, 
one of the hydrogen atoms of the C.^IT, radicle is re¬ 
placed by chlorine, with the jn'odnetion of tetra- 
chlorhydrin, C.^IT.,Cl,. 

The constitution of the molecule is easily under¬ 
stood, if one assumes that the atoms in the glycerine 
molecule are arranged in a similar way to that in 
marsh gas; we then have two hydroxyl groups at¬ 
tached directly to tlie carlion atom, and more easily 
substituted by chlorine than that which takes the 
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place of hydrogen in one of the methyl groups. 
The following formulae will make this relationship 
clear:— 


Marsh gas O' 


'H 

H 

H 


Glyceriae = C 


OH., 

chIoh 

OH 

OH 


Monochloi'hydrin C 


CH,, 

CH,,OH Dichloi’hyclrin C 
Cl 


GH, 
CH.,OH 
Cl ■ 

01 


jOIi, ^ . 

Trichloi'hydi'in C.j Teti'aohlorhydvin 0 

I Cl 


CH, 

CHOI . Cl 

Cl 

Cl 


There is also another compound which may be re¬ 
garded as an intermediate product in the above sub¬ 
stitutions, viz. epichlorhydrin. It is obtained when 
dichlorhydrin is treated with aqueous potash solution. 
This is a liquid boiling at 118° C., which by treat¬ 
ment with hydrochloric acid is again changed into 
dichlorhydrin. 


C,H„(OH)Ch + KOH = KGl + C,,H,,0C1 

{iichlorliydriu potassium potassium epichlorhydrin 
hydroxide chloride 

C,H,0C1 + HCl = C,H,(0H)C1, 

Epichlorhydrin Dichlorhydrin 


By treatment of-glycerine with hydrobromic acid, 
or phosphorus bromide, bromine derivatives are ob- 
tai.iied which are similar in constitution to the 
chlorine-derivatives. These are as follows:— 
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Monobromhydrin == C.iHr,(OH).,Br 
Dibromhydrin - c4H‘,(OH)Br, 
Tri])romhydrin ~ C.jHr,Br.{ 

Epibromhydrin. == C.jHr,OBr 

By treating glycerine for twenty-four hours witli. an 
equal weight of phosphorus bromide, and then distilling 
up to incipient charring, one obtains besides acrolein, 
a distillate separating into two layers, the upper one 
being epibromhydrin, tire lower one dibrom¬ 

hydrin, C.jHr,(OPI)Bi\^; the residue remaining in the 
retort, gives after neutralization and treatment witlx 
ether, besides dibromhydrin, also monobromhydrin, 
Jlr. Wlren allyl bromide is mixed with 
bromine, tribxromhydrin is produced :— 

0,H,Br + Br. = 

allyi bromide tribromhydrin 

Action of Iodine Comtounds on Glycerine. 

If glycerine is treated with hydriodic acid, more 
energetic action takes place than with hydrochloric 
acid or hydrobromic acid ; it immediately separates 
all the hydroxyl groups from the glycerine, with tlie 
formation, of allyl iodide. The excess of hydriodic 
acid reacts further on tlxe allyl iodide, a.nd forms pro¬ 
pylene ;— 

G,,II,(OII), + 3 HI - G,H,I + 3Hp + I. 

jUlycHn'iuo hydriodic ullyl iodido 

ucid 

G.,ii,r + HI = o;h„ + la 

allyl iodide propylene 

Allyl iodide is preixared in the following way: 
In a tulmlated retort are warmed a Bolution of 
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8 parts iodine in carbon bisulphide and 1 part of 
phosphorus, and after distilling off the carbon bi¬ 
sulphide, anhydrous glycerine is added in small quan¬ 
tities to the phosphorus iodide remaining. The two 
Jodies react on each other with great violence, and 
from the resulting mass one obtains, by distillation, 
propylene, water, and allyl iodide. 

The crude allyl iodide is brown coloured; it may 
be decolorized by shaking with caustic soda solu¬ 
tion, rectified over calcium chloride, and is then 
obtained as a colourless liquid, boiling at 102'' C., 
which has the sp. gr. 1-789, and a strong garlic-like 
odour. The propylene passing over as a by-product, 
by strong cooling and pressure, condenses to a colour¬ 
less, peculiar-smelling liquid. 

Glycerine is, as already stated, an alcohol, but it 
is a trihydric alcohol, whilst from the combination, 
that is the radicle propenyl, one obtains a 
monohydric alcohol, allyl alcohol. This is then a 
proof that the radicle which is contained in 

glycerine, is not quite identical with the radicle allyl. 
It may be quite readily distinguished by its different 
atomicity from the latter, to which, however, in many 
points it stands very near. 

It is, moreover, possible to directly produce allyl 
alcohol from glycerine in the following manner : 
When one heats glycerine with oxalic acid up to 
110° C., formic acid and carbon dioxide are produced ; 
out of the diluted liquid, formic acid may be obtained 
by distillation. As regards combination of the formic 
acid with the glycerine, this is only induced at a 




C OMPOUNDS AND DKCOMPOSTTTON PRODUCTS 10 


higher temperature, and according to Pollens and 
Henninger, the operation is best carried out in the 
following manner: One mixes 4 parts glycerine with 
1 part oxalic acid, and adds to the mixture I to 
part of ammonium chloride, when on heating om^ 
obtains a glyceride of formic acid (inonoformin). By 
prolonged heating at 2()()“ C. the inonoformin is split 
up into allyl alcohol, carbon dioxide, and water:— 
G,H,(OH).^ + CH.Oo - C,jH,(0H),0. HCO) + H,0 

j*lvcerin(i fortnic aci<l jjjlycoro-formio acid water 

0.,Tlr,(OH),(O . HCO) = 0,,H,(0H) + CO, + H,0 

jilycoro-fonnic acid allyl alcohol cavlxadc water 

Allyl alcoliol l)egins to distil already at 195*' Co ; 
tlie distillation continues to 2()0‘' C., and simultane¬ 
ously there also passes over acrolein from the direct 
decomposition of the glycerine itself. . In order to 
obtain th.e allyl alcohol in a pure state, one sliakes 
the raw distillate witli a solution of potassium car¬ 
bonate, whereby water and allyl formate are re¬ 
moved : the liquid separated from the potassium 
carbonate solution is washed with, solid alkali, where- 
l)y the acrolein is removed. After rectification at 
l)()"to lOO" (b, drying with caustic baryta, and re¬ 
peated distillation, one obtains finally pure allyl al¬ 
cohol as a colourless liquid, with a biting disagreeable 
smell, low specific gravity (0*858), and a lioiling- 
point of G. 


AcROLmN. 

Among the decomposition products of glycerine 
with wliich, one has most frequently to do, acrolein 
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takes the first place, because glycerine by riii)i(l 
heating very easily becomes converted into tliis Ixxly, 
and even in combined glycerine (in fats) the same 
decomposition takes place, if one heats tlie fat 
quickly; the disagreeable smell which is evolved 
when one drops fat on a hot plate or allows it to 
fall on glowing coal, is caused by tlie evolution of 
acrolein itself. 

By rapid distillation of glycerine acrolein is a,Iso 
formed, and that in very large quantity at tiro (vud 
of the operation. It imparts to odourless glycerine, 
when it is present in even only minute (luantity, a 
disagreeable and penetrating smell. 

For the production of acrolein in a large (|uantity 
one treats anhydrous glycerine with strong dehydrat¬ 
ing substances, and at high temperatures: e.g. one 
heats 1 part glycerine with 2 parts of acid potas¬ 
sium sulphate, whereby the decom])osition of tlui 
glycerine takes place according to the following 
equation :— 

G,H,(OH), = C,H,0 -h 211,0 

glycerine acrolein water 

One obtains acrolein by rectification as a colour¬ 
less liquid which boils at 52“ G., the vapours of 
which attack the eyes and nose with very great 
violence, and cause great inflammation ; in water it 
dissolves only slightly, but in alcohol on the otlier 
hand very easily. Acrolein has the power to reducui 
silver oxide, and is thereby changed into acrylic acid, 
of which the formula is C^H^O.,. 

A very interesting decomposition of glycei-ine is 
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that whic]i takes place by the action of ferments on 
dilute glycerine, and by which acids of the fatty 
acid series are formed. 

One adds glycerine to a liquid which is undergo¬ 
ing alcoholic fermentation, when soon after the 
addition of a certain quantity of glycerine the fer¬ 
mentation ceases, so that glycerine must be regarded 
as a body inimicable to alcoholic fermentation. 
Tliose ferments of the lower order, which are known 
as bacteria, are al)le, liowever, to decompose glycer¬ 
ine, and thereby give rise to a whole series of acids 
belonging to the fatty acid series. 

One allows t(.) stand a mixture of 1 part glycerine, 
I'Ji parts water, ])art clialk, and 0-12 part freshly 
comminuted mutton at a temperature of 35-40'' C., 
so takes place a very slow fermentation ])rocess, 
wliich consists of a whole series of distinct fermen¬ 
tations, some taking place side by side, others in 
sequence; carbon dioxide and hydrogen gas are 
evolved. 

The whole fermentation lasts-about eight montlis, 
during which, are formed, besides ethyl alcoliol, acetic, 
])ropionic,, butyric, valerianic, and caproic acids, as 
well a,s a small (juantity of higher fatty acids— 
the greater part of tlie glycerine is hereby decom¬ 
pose ul. 

The fermentation processes, wliicli in this case are 
known to take place, are the alcoholic fermentation, 
tlie acetic acid fer,mentation, and the l)utyric acid fer¬ 
mentation. With yeast glycerine ferments at 20 to 
80'*, with the formation of propionic acid; with the 
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butyric acid bacillus, up to butyl alcohol arid tri- 
methyleueglycol. 


Glycjiiuides. 

The action of acids on glycerine has been fairly 
completely studied and has been already referred 
to on p. 7. By bringing together glycerine and 
acids, compounds are formed which are described 
as ethereal compounds. The most important tecluii- 
cally of these compounds are the fats. As tlie 
constitution of the fats became better known, it 
was important to determine whether by direct com¬ 
bination of acids contained in fats with glycerine, 
compounds could be obtained similar in their properties 
to the fats. 

The reaction attains completion; when glycerine 
is mixed together with stearic acid, palmitic acid, or 
oleic acid, there is formed according to the propor¬ 
tions in which the acids are employed, the mono-, 
di-, and triglycerides of the respective fatty acids. 
The naturally occurring fats are triglycerides, and 
the compounds produced artificially resemble com¬ 
pletely the naturally occurring fats both as regards 
their physical and their chemical properties. 

By the combination of glycerine with the acids, 
water is always eliminated, and in the syntliesis of 
the glyceride tristearin, for example, the following 
reaction tabes place:— 

G3H,(0H), + 3(G,«H,,.0,) = G,H,(0H;,,G,,0), + 3 H,0 

glycerine stearic acid stearic glyceride wa,ter 

Besides the glycerides of oleic, palmitic, and 
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stoaric acids, which commonly occur in fats, one has 
a.lso the various glycerides of the other acids of the 
fjitty acid series (formic, butyric, propionic, valer¬ 
ianic, etc.) ; as far as these acids occur in nature in 
tlu^ form of glycerides, the artificially produced com¬ 
pounds resemble in all respects the natural. Tri- 
ju‘-etin, tributyrin, trilaurin, are such glycerides which 
live met with in nature. One can prepare the 
glycerides by various methods: either by heating 
glycerine with the respective acid in sealed glass 
tubes in an oil l)ath, or by mixing sulphuric acid 
as well as tlie fatty acid with the glycerine or by 
dissolving the acid in the glycerine by warming, and 
then passing hydrochloric acid gas through the solu¬ 
tion. 

The action of sulphuric acid in the synthesis of 
the g^lycerides of the other acids may be explained by 
the formation in the first place of glycero-sulphuric 
acid, which, however, in contact with the organic 
acids is converted into the glyceride of the acid, and 
into free sulphuric acid. For example :— 


+ H,SO, = C,PL,(OH),(0. SO,H) + H.O 

jylvcerine .sulpluivic, acid wa,ter 


snltihurio acid 


(.!.,! E,,(0PI).5 

a'lVCi^rin<1 SUlimurM-, iW'iU i;i mu .... .— 

( l.jrir,(OH).,(0 . SO.,H) + 3(C„,H,,,jO.,) = C.,H,fOO,,H3iO)3 + 

irlYctiro-Hulphiiri*- a<-id palmitic aci<l tripalmitiii 

+ K,SO 


2H,0 

water 


sulphuric 
acid 


Th e action of hydrochloric acid is that chlorhydrin 
is fir-st formed from the glycerine, which in con¬ 
tact with the acid is converted into the respective 
gdyceride, water, and hydrochloric acid gas, 
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C,H5(0H)3 + HCl = C3H,(0H),C1 + H,0 

glycerine hydrochloric chlorliydriii w:itcr 

acid , ^ 

C,H,(0H),C1+ 3(0„H3,0,) = C^tLXO. C„H,,0)3 + SILO + 

chlorhydrin oleic acid triolein watei 

HGl 

hydrochloric acid 

Nitric acid exerts a somewhat different reaction 
from other acids on glycerine, and indeed the r(^-- 
action depends in a great degree on wlietlior one 
employs dilute nitric acid, or that of high, concentra¬ 
tion. Nitric acid of low strength forms from gly¬ 
cerine a new acid, which is known as glyceric acid. 

One can produce glyceric acid by introducing into 
a vessel nitric acid of specific gravity l-fi, and 
cautiously allowing to flow down the sides of tlie 
vessel a mixture of equal volumes of water and 
glycerine in such a way that the glycerine floats 
above the nitric acid; after about a week the liquid, 
is placed in a desiccator over sulphuric acid, and is 
left there until a syrupy liquid is produced. Tliis is 
neutralized with lead hydroxide, and the lead salt 
decomposed by hydrogen sulj)hide, whereby after 
again concentrating over sulphuric acid, glyceric acid 
is obtained as a faintly yellow liquid, easily solubki 
in water and alcohol. 

The formula of glyceric acid is C.jIT„0.,, and oiU5 
can represent its formation from glycerine in tlic 
following way:— 

CH2(0H) CH,0H 
C!H(OH) = (]H. OH 
t)H2(OH) CJOOH 

glycerine glyceric <'ioi(l 
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or CoH[.j(OH)^,C()OE[. One can also regard it as 
dihydroxypropionic acid. 

According to this equation only one of the two 
outside groups - GHyOH, which are present in gly¬ 
cerine, is changed by the substitution of an oxygen 
atom for the two hydrogen atoms with the formation 
of the carboxyl - COOH; theoretically there is yet 
another glyceric acid, in which both the - CH,(OH) 
groups are changed in the same way. The produc¬ 
tion of tliis acid has not yet, however, been accom¬ 
pli sired. 

The jurworful oxidizing action which nitric acid 
possesses, necessitates that the change in the gly¬ 
cerine does not take place so simply as the above- 
mentioned equation indicates; there are many more 
complex secondary reactions, and a part of the 
glycerine is consequently converted into racemic 
acid, glycollic acid, formic acid, and oxalic acid. 

Very concentrated nitric acid acts on glycerine in 
such a way that a glyceride results, viz. the nitric 
acid triglyceride, or trinitroglycerine, of the formula 
0,11,(O. NO,),. 

Tlio production of this substance will be described 
in more detail later. 

As regards the production of the mono- and dinitro- 
glycerides, one has to proceed in another way than 
that of direct combination of glycerine with nitric 
acid. They are obtained by making use of the 
monoclilorhydrin or dichlorhydrin with a mixture of 
equal parts fuming nitric acid and sulphuric acid. 
By diluting the liquid with much water an oily 
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liquid separates, which possesses the composition 
C.jH,Cl(0 . = dinitromonochlorglycerine or 

C 3 H,^CL (0 . = niononitrodichlorglycerine. 

Among the numerous compounds produced from 
glycerine by substitution processes, up till now only 
one has attained technical importance, and this is 
the nitroglyceride ester (erroneously known as nitro¬ 
glycerine) which is distinguished by the property 
that it is decomposed by a blow with a violence 
which exceeds by far that of other explosive sub¬ 
stances. In consequence of this property, the com¬ 
pound referred to is employed in technical explosives 
in ever increasing ways, and its manufacture forms a 
special industry. 



GHAPTEK III. 


THE Pl:l()l)UOTION OF (iLYOElilNF. 

Lli» to tlic tiiuo that ono ixuiuirod to separate stearic 
and ■j)al.niitic acids from fats in a pure state 1‘or tlie 
purposes of candle luanufacturo, glycerine was only 
produced on the small scale for scientific researcli 
and pharmaceatical purposes, notwitlistanding that 
in the spent lyes from soap manufacture one liad the 
raw material in large quantity ready for employment. 
The ordinary practice of the pharmacist for the pro¬ 
duction of glycerine was to saponify oil with lead 
oxide, separate the liberated glycerine from the 
lead soap by washing with, water, and then produce 
glycerir.ie in the pure state from the still very im¬ 
pure solution by the motliod described below. 

Glycikuine imoMljuAi) So.ai‘. 

One prepares lead soap (the em])lastrum simplex, 
or diachylon plaster of the pharmacist) by stirring 
together 9 parts by weight of olive oil, 15 parts l)y 
weight of litharge, and a suihciency (.)f water until 
a uniform mixture is obtained, whicli is then boiled 
in an iron vessel with constant stirring and addition 
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of boiling water, until on testing by cooling, it con¬ 
geals to a viscous white mass, which has no longer 
any greasy feel. 

Olive oil consists for the most part of the gly¬ 
ceride of oleic acid, while the glyceride of ])almitic 
acid and a small amount of tristearin are also present; 
lead soaps are formed corresponding to each, the 
lead oleate predominating. The resulting mass is 
insoluble in water, softens on warming, but is hard 
when cold. 

For the separation of the glycerine mixed with 
the lead soap, one pours hot water on the comi)letely 
boiled, but still fluid plaster, stirs the mass thoroughly, 
and leaves it at rest for a time in order that tlie 
soap may separate from the water, then pours this 
off, and repeats the washing several times, until all 
glycerine is separated from the mass ; the glycerine 
waters are mixed, and the purification proceeded 
with. 

As the excess of lead oxide dissolves in the gly¬ 
cerine, this must be first removed, which is accom¬ 
plished- by passing sulphuretted hydrogen througli 
the glycerine. The lead is converted into sulphide, 
which is thrown down in the form of a black pre¬ 
cipitate, and is removed from the glycerine by filtra¬ 
tion. The liquid after freeing from lead is evaporated, 
and yields glycerine of a brown colour and unpleasant 
odour; to render it water-white, one allows the 
liquor to filter slowly through freshly burnt animal 
charcoal until it emerges perfectly colourless and 
odourless, and evaporates it finally on a water-bath 
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to a syrupy consistency. This evcapcy^atioii^ 
done, however, with great caution, as by contact with 
air, glycerine, especially if it has already reached a 
high concentration, again becomes dark coloured. 

The glycerine ol)tai3"ied by this treatment is quite 
pure, and one obtains also a good yield of glycerine 
in relation to the quantity of oil used ; at the present 
time, however, scarcely any glycerine is prepared in 
this way, as the c(rst of production is so heavy that 
the glycerine so ])roduced is inucli dearer than the 
equally pure and highly concentrated product which 
is yielded by tlie stearic acid manufactory. More¬ 
over, lead plaster is now increasingly rarely pre- 
pnred from oliye oil, being mostly made by directly 
saponifying with litharge oleic acid, which, can be 
cheaply obtained as a by-product in stearic acid 
manufacture. 

riu)i)ucr,i'ioN OF Gr;v(i]<nn;Nn in thio S^rriARio Acid 

bAc/i’oivVV. 

In works in which the so-called stearic acid, i.e. 
a mixture of stearic and palmitic acids, is produced, 
a very considerable quantity of glycerine results as a 
by-product, and it is worked up as a very valuable 
substance in all the larger works of tliis class, that 
is to say, concentrated and refined. The way in 
which this is carried out depends upon the process 
which has been employed for the decomposition of 
the fats, as will also the yield of glycerine obtained. 

Tlie decomposition of fats can be effected in many 
ways, either by saponification with alkalies or alka- 

J.G'71 
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line earths, as for example with quicklime, hiore 
rarely with caustic alkali, as in the older processes 
for stearine production, or by saponification with 
sufficient lime, which is a far less coininon method, 
to form calcium soap, with the simultaneous einploy- 
ment of high pressure steam.. 

Other methods for the separation of fatty acids 
from glycerine—incorrectly termed saponification 
processes—are those in which the decomposition of 
the fat is effected by means of acid, more especially 
by sulphuric acid; finally there is the use of even 
water itself in place of acids, the, ^‘saponification” 
being brought about with either superheated water 
or superheated steam. 

These methods are all certainly adapted for the 
production of fatty acids for employment in tlie 
manufacture of stearine candles; they are not, how¬ 
ever, equally suitable when, as at present in all 
works of this kind, it is a question of the production 
not only of fatty acids, but also of glycerine,—thus, 
for example, in the process of saponification witli 
much acid and at high temperatures, the glycerine 
is entirel}^ destroyed. It is for this reason that tlu^ 
process of saponification has to be modified, in order 
to ensure that so valuable a substance as glycerine 
is not lost. 

The present work has for its object the descrip¬ 
tion of glycerine and its applications. It lies, there¬ 
fore, outside its scope to occupy ourselves very 
closely with the reactions which take place in tlie 
various processes mentioned above. We must con- 
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fine ourselves then to merely outlining these pro¬ 
cesses in all brevity, and indeed only in so far as 
they have reference to the production of glycerine 
itself. 

The reactions involved in the various methods for 
carrying out this yvrocess are theoretically as follows :— 

(a) In the saponification with alkalies, e.g. with 
lime:— 

2G,H,(0Cj,ll,,0), -h 3Ga(OH), = 3Ga(0. Gj,H,,0), + 

Htiiiiriii raleiuin 

hydroxi^le .stearate 

2C.,H,(011).; 

}j;lycoriiio 

Since in fats in addition to stearin, pahnitin and 
olein are also present, these glycerides are also de¬ 
composed in the same way as stearin, as given 
above; one obtains therefore a mixture of the lime 
salts of stearic acid, palmitic acid, and oleic acid— 
lime soaps insoluble in water—and a solution of 
glycerine. 

(b) In the saponification with acids, e.g. with 
sulphuric acid:— 

G.,HhOG,,TI,j()), + 4H,SO, - 3G,,H.,i0(0 . BO,H) + 

■ ■ ' G,H,(OH);(OSO,II) + li.O 

^ly cor* )1 i\iri c aci d 

and ariKing out of these compounds by addition of 
4Hp 

3Cj,,I:L„0(0H) + G.,H,(OH)., + 4H,,S0, 

l)a,lnii*tic acid j^lycorine sulphuric aci<l 

or, expressed in words, by the action of sulphuric 
acid on a glyceride, for example, pahnitin, it is first of 
all decomposed in such a way that palmito-sulphuric 
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acid, and ^dycero-sulphuric nr.ul rc^siili will) iht* 
separation ol; one jn()l(‘.ciil(^ of \vai(U*; both tli(‘ lirsl ■ 
mentioned comjxninds iivo split up by tlH‘ action of 
water into ])aljnitic acid, ^dycuu-iiu^ a.n<l sulphuric 
acid, whicli. last remains in solution alon^’ with tin* 
glycerine. 

(c) IJy saponilication witli watm* a.t high t(‘ni' 
perakires, or witli su))(a*]i(^at(‘d stcaim: . 

+ :iiu) ;ui„lb,0(011) a- 

st(ia.rin Hl.tvinc ucid glyci'riiio 


1 . SAr()NIIO(\‘\'I’l()N OK l^’Ad'S nv Ml'lANS Ol*’ ('Ans'l’ic 
AnivAniKs oli (^hiicKniMi*:. 

Tlie oldest among tho. nud.hods (unploy(Hl on tln^ 
large scale for tlio jiroduction of fatty aicads is that 
in whicli by making use of cuustic*. alkali(^s, sodium 
or potassium compounds are ])roduc(ul i(l(‘nti(ail with 
tlie ordinary lioiled soaps. Ont', obtains a potash or 
soda soap, out of whicli l)y trc^atnuad) with ;i strong 

acid—sulphuric or hydrochloric-.tlu^ fadty ac.ids 

separate, while the giycu'.riiu^ in tin*, soap l)(*ing^ 
liberated, passes into the li(juor umhaau^atli. 

As t]i.e complete saponilic.ation with caustic, alkaJi(‘s 
is somewhat costly, and tin*, whoh* pnxu^ss morcovaa* 
was accompanied by many practical dini<uiHaes, it had 
entirely gone out of practical, hut was agaan brought 
into use by Mege-AIoiiricis, with tlu) alt(a*ation tlmt 
the fat to 1)0 saponified is first divided by stirring with 
water at 4e5‘' C., witli addition of small peaxamtage^ 
of soap, into exceedingly fim^. drops, a,ml c.onv(‘rt(al 
into the so-called ‘hsphm-ic.aJ stated’ pannlsificd), and 
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then can be very easily and quickly saponified, so that 
it gives a very largely increased yield of fatty acids, 
which reaches the maximum generally obtainable. 

Among all - the processes by which satisfactory sap¬ 
onification takes place, that formerly possessing the 
greatest importance is that in which quicklime was 
employed, as on the one hand quicklime is cheaply ob¬ 
tained, and on the other hand it also has the advantage 
that the lime soap is insoluble, and can therefore 
be easily separated from the liquid. It was carried 
out in the following manner:— 

The process was commenced by mixing the fat— 
tallow, or palm oil—with water in large wooden or 
stone vessels, and the fat melted by passing in steam 
and heated to 10(P C. With constant boiling one 
adds 15 per cent of the weight of fat employed of lime 
to the vessel. The lime employed must be iron-free, 
freshly burnt (free from carbonic acid) and broken 
down with water to a uniform lump-free milk, be¬ 
fore addition to the fat. 

One assists the saponification by the continuous 
passage of steam, and by the uninterrupted motion 
of the stirring gear. The commencement of the 
saponification shows itself l)y the thickening of the 
mass, an appearance which usually manifests itself 
three or four hours after the beginning of the operation. 
Later small particles of lime soap unite into small 
lumps, which rise to the surface. After the expira¬ 
tion of seven or eight hours the saponification is com¬ 
plete, and the vessel contains by this time a solid 
mass which, if the operation hm been rightly carried 
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out, consists only of lime soap together with any ex¬ 
cess of lime used, and must he entirely free from 
little drops of undecomposed fat. The yellow or 
brown-coloured liquid to be found mixed with the 
lime soap (always depending on the quality of the 
fats employed), is a dilute solution of crude glycerine 
in water, wJiich is contaminated by a large quantity 
of foreign matter. 

A modification of this process is that in which, a 
much smaller quantity of lime suffices for saponifica¬ 
tion, if one allows the lime to act on the fat under a 
steam-pressure of about ten atmospheres. Under 
these conditions it is sufficient to employ two to three 
per cent lime to bring about complete saponifica¬ 
tion, as acid lime salts are formed from the fatty 
acids. 

As regards the production of glycerine, this process 
oiEfers the advantage that one works with afar smaller 
quantity of water than in the process above de¬ 
scribed, and accordingly a more concentrated solu¬ 
tion of glycerine results. 

In both cases the lime soap produced is decomposed 
by sulphuric or hydrochloric acid, whereby is formed 
gypsum or calcium chloride, and the mixture of the 
three fatty acids, stearic, palmitic, and oleic, is freed 
as far as possible from oleic acid by pressure in very 
strong hydraulic presses, and employed, after refining, 
for the manufacture of stearine candles, whilst the 
liquid separated from the lime soap is utilized for 
the extraction of glycerine. To the quality of the 
raw and strongly diluted glycerine, which is different 
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)rding to the method employed for the extraction, 
rence will be made later. 

The Krebitz Process. 

'he process for the decomposition of fats by lime, 
rding as we have described it, possesses to-day 
• historic importance. It has still, liowever, a 
ain interest, as therefrom one of the newest 
tments for the splitting of fats has been developed, 
oitz (D.K.P. G05, 108) has pro])osed the pro- 
,ion of lime soap in the first instance, and this 
hen introduced into a boiling solution of car- 
ite of soda or potasli. which decomposes it into 
blkali soap and carbonate of lime, Bottaro (D.R.P. 
969) again separates the free fatty acids from 
ime soap by treatment with gaseous sulphurous 
The correct preparation of the lime soap is 
atial; it is carried out by Krebitz in the follow- 
nanner:— 

he neutral fat, heated up to about lOU’ C., is 
[lately mixed with an equivalent mass of milk 
me prepared from pure lime, whereby a thick 
.sion is first of all produced, wliich is left to stand 
Jy overnight protected from cooling. Therel)y 
)rmed finally a solid, though easily powdered 
soap, which is ground up and washed wit h 
r, in which it is insoluble, in order to remove the 
nine. The sufficiently washed soa]) powder is 
, as already mentioned, treated with a solution 
kaline carbonate, whereby the decomposition 
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into alkali soap and insoluble calcium carbonate is 
effected. 

2. Decomposition of Dats by Stilphitiuc’. Aciid. 

As has already been shown with fonnubn, by tlio 
action of sulphuric acid on glycerides, compounds 
are produced of the fatty acids and the glycoriiuj 
with sulphuric acid, and these are then (lecompos(Ml 
by water into fatty acids, glycerine, and sulplniric 
acid. Although in all cases in whicli sulpluiric aci<l 
is employed, these reactions must take place, the 
process is capable of being carried out in very dif¬ 
ferent ways, and one distinguishes especially tlie sa¬ 
ponification in the slow way, and the so-called rapid 
saponification or fractional saponification. 

The slow saponification of the fat is accomplislnul 
by the use of sulphuric acid at a low temperature ; 
the more sulphuric acid one employs, and the lower 
one keeps the temperature, the longer is the tinu^. 
required for the decomposition of the fat to bo cax-i:ied 
to completion, and a proportionately larger mass of fa,t 
is lost owing to further decomposition, both as m- 
gards production of fatty acids and of glycerine. 

In the first instance, therefore, one employed as 
much as 37 per cent of sulphuric acid of theweiglit of 
fat, and completed the process by gently heating to 8()- 
92° C. for twenty-four to thirty-six hours. Subse¬ 
quently one proceeded with ever decreasing qnantitic‘.s 
of sulphuric acid, and raised the temperature to 100- 
120° C. in order to complete the reaction with the use 
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of only 51 per cent sulphuric acid in a period of 
twelve to eighteen Iiours. That the chemical process 
of sapoiiihcation of fats with sulphuric acid, which 
theoretically takes place in a very simple manner, in. 
practice is not by any means so simple, is proved by 
th('- behaviour of the heated mass. It evolves violcit 
vapours, empyreumatic smelling oils, sulphurous acid, 
and vapours of acrolein in such considerable quantity 
that tJie decomposition vessel must be made absolutely 
closed, and an exit provided for the vapours evolvexl 
during the heating. 

The vapours of acrolein are produced by tlie de¬ 
composition of glycerine ; not only this, but the fatty 
acids am also attack(5d, and a black-coloured mass of 
a pitch-like nature is formed, which can be separated 
from the fatty acids only l)y distillation of the latter. 
The total loss which occurs in this process is very 
considerable, and may amount to 20 per cent of the 
tat employed ; only in very rare cases is it less tlian 
12 per cent. 

After completing the saponification the mass is 
treated witli boiling water to separate the fatty acids 
from the glycerine and sulphuric acid; the fatty 
acids aj*e worked up further into pure stearic and 
palmitic acid, while the sulpliuric acid and glycerine- 
containing licpiid can be either worked up directly 
for glycerine, or can l)ci turned to good account hy 
using it for the decomposition of lime soap. Oiui 
ol)tains tlien ])esidcs free fatty acids and gypsuni a 
li(|uid wliich contains acid-free crude glycerine. For 
the method of quick sapouilication or fractional 
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saponification one takes a small "quantity of fat, 
raises its temperature to 90“120° C. and mixes 
thoroughly with sulphuric acid, leaves in contact 
during a short time—for a few minutes, or even half 
an hour — and then allows it to drop into boiling 
water; in this glycerine and sulphuric acid dis¬ 
solve, whilst the fused fatty acids collect as an oily 
layer on the surface of the liquid. Working in this 
way it is sufficient to use 31 to 4 per cent of sul¬ 
phuric acid, and the reaction, which for its comple¬ 
tion by the older process required many hours, is 
finished in a few minutes; one chief advantage of 
this process lies, however, in the fact that there is 
only a small loss by decomposition of fat and sul¬ 
phuric acid ; it evolves very little sulphurous acid, 
and an acrolein odour is scarcely perceptible. 

In place of the sulphuric acid alone a mixture of 
sulphuric acid with nitric acid has also been used for 
the purpose, in order to prevent completely the for¬ 
mation of dark-coloured products which, when work¬ 
ing with sulphuric acid alone are never quite 
avoided. The treatment of the fats with this acid mix¬ 
ture takes place at a temperature of 110-115° for a 
few minutes. There is employed to 1000 parts of 
fat 4-6 parts of nitro-sulphuric acid, and by this 
process also the glycerine is obtained in a completely 
unchanged condition. 

Anhydrous zinc chloride effects decomposition in 
the same manner as acids, and one can carry out 
the decomposition rapidly by using 10-12 per cent 
of the weight of fat, and a temperature of 150- 
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200'" C. ; the zinc chloride which has absorbed 
water can be again regenerated in the anhydrous 
condition, and the same mass of zinc chloride—of 
course making up the part missing through inevi¬ 
table loss—may be used over and over again. In 
addition to the lower price of sulphuric acid, how¬ 
ever, the regeneration of the anhydrous zinc chloride 
is accompanied l)y an expense which is higher than 
the cost of the sulphuric acid, for which reason this 
process has not found employment in practice. 

Tiir] Twitghell Peogess. 

Although the sulphuric acid process is to-day em¬ 
ployed only comparatively rarely, ,yet there results 
from this the Twitchell process, which is utilized es¬ 
pecially for the production of fatty acids for soap 
manufacture. In this process there is used, instead 
of sulphuric acid, a coml)ination of siilpho-oleic acid 
with naphthalene (D.E.P. 114, 491). The fat to be . 
decomposed is heated to about 50"" in a vat provided 
with an air-blast and steam coil, and mixed,<with 
vigorous stirring, with 1-5 per cent sulphuric acnjj^at 
()0‘" B. The addition of sulphuric acid, after the ad¬ 
dition of which the agitator is kept going, has the 
()bject of purifying the fat l)y the destruction of al¬ 
buminous and mucilaginous matter, and preparing it 
foL* the subsecjiiont decomposition, but the acid em¬ 
ployed should not Ix'. stronger than mentioned, be¬ 
cause otherwiscj it attacks the fat itself and colours 
it brown. 
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The sulphuric acid, diluted by the condensed 
steam, is then drawn off, and the fat transferred to 
the splitting vat, where one mixes it with about 
0*33 per cent of the previously mentioned combina¬ 
tion of sulpho-oleic acid and naphthalene, adds 50 
per cent water, and boils by introduction of steam. 
The splitting vat is made of pitch-pine wood—iron 
or lead would retard the decomposition. The con¬ 
ducting pipe for the steam is made of brass. 

When the mass has boiled slowly for twenty-four 
hours, as a rule 85 per cent of the fat will be split. 
At this stage, in order to exclude the fatty acids from 
contact with air, whereby they become discoloured, 
one allows steam to blow on to the surface of the 
liquid. Then the mass is left at rest for the glycer¬ 
ine water to settle. This, the so-called first water,” 
is drained off, and fresh water added. The whole is 
then boiled further, with addition, if necessary, of a 
little more sulphuric acid, until in all 92-95 per cent 
of the fat is split, which requires as a rule a further 
twenty-four hours. Tor neutralization of the free 
sulphuric acid one utilizes barium carbonate, and 
afUli: the settling of the barium sulphate, the fatty 
acids and glycerine water are drawn off:‘. 

3. Decomposition on Eats by Steam. 

When a fat is heated with steam under pressure to 
220 “, decomposition into free fatty acids and glycer¬ 
ine takes place. In practice, where tliis autoclave 
treatment is employed to a very considerable extent, 
one takes care, however, to accelerate this reaction 
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by tlie use. of assisting or catalytic agents. As such 
comes into consideration first lime and then magnesia. 

The process of fat splitting by steam under 
pressure is carried out in special apparatus, the 
autoclave, which sustains a pressure of 1'2-15 at¬ 
mospheres, and therefore must l)e tested at a higher 
pressure. The fat-splitting takes place* in thebe- 
ginning moderately quickly, so that perhaps after 
expiration of an. hour, already H8 per cent of the 
fat will be decomposed. Then the reaction slackens 
itself, however, and in order that the heating may 
not be unduly prolonged, one has recourse frequently 
to the expedient of not carrying the splitting quite 
to completion in the autoclave, but to split the 
rest of the neutral fat by treatment in tlie acidi- 
hcator with concentrated sulphuric acid. This 
treatment possesses especial importance for the 
stearine manufacturer, since during the treatment 
with concentrated sulphuric acid, a simultaneous 
transformation of the oleic acid takes place, isoleic 
acid being produced. This is solid, and conse¬ 
quently the yield of fatty acid suitable for candle 
manufacture is materially raised. Of course the 
fatty acids are dark coloured after the acidification, 
due to decomposition products; tliey arci therefore 
washed with water, and subjected to distillation. 

''idle ])rocess of .rat-s])litting is different in general, 
according as it is carried out for stearine or soap 
manufacture. In tire first case tallow is mostly 
employ (id, then bone fat and ])alm oil. Tlie fats 
are first of all subjected to a refining process, in 
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order to separate albuminous matt(U‘, et(*.., Jiiid ai*(^ 
then introduced into the autoclave', vvlierci tlu'.y a.r(t 
treated, with addition of. magiu\sia (O-b to I p(U’ 
cent), during six to (3ight liours, undcu* a prt'.ssuia'. of 
12-15 atmospheres. A decomposition oT up to 1)5 
per cent is therel)y obtaim^d, aftcu- winch Follows 
the pmviously descrilujd acidification. 

The course o£ tlic decomposition is sliovvn in tlui 
following table by J>. Lach, which indie,ab's how 
the process gradually beconu^s slowca-. 

The mass contains :— 
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07-4 „ 
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4. Dkoomi'osition ok I<’a’I’s liv I'’,nzvmI';s. 

resides the sulistaiuuis alniiuly nieniioiKul lUku,- 
lies, .siil|)hufic acid, and steam imdfu' iiressiii’c l.li<‘ 
decomposition of fats into fatty acids and glycerine 
can also be (dlectiid by intians of other ai^'ents. I'or 
tin's purposti aiH! particularly useful c.ertain (mzynies 
wbicb are, found in tlui siUids of nuiny |)la,nts, especi¬ 
ally in castor sca-ds, a.nd durin},f tin, la,st few yiai.i's 
the enzyme or fenmmtation prowess of fa,t-splittino 
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has attained considerable importance. The process 
is quite analogous to that with sulphuric acid or 
steam, and as with these two latter reagents, so the 
enzyme does not take any active part in the re¬ 
action, but acts rather by its mere presence, so that 
its mass and substance remain unchanged. Theo¬ 
retically, therefore, only quite a small quantity should 
be able to split an infinitely large mass of fat. In 
practice, however, one always takes a considerably 
larger quantity, in order to produce a certain re¬ 
action velocity. 

Originally merely crushed or ground castor seeds 
were employed for the fermentation fat-splitting 
process, but it lias been found that the use of an 
extract is far more suitable for the purpose. A 
peculiarity of all enzymes is that they are only 
active within certain fixed limits of temperature. 
Below the most favourable temperature the action 
is always slower and more feeble, though by raising 
the temperature to that most suitable the activity is 
restored, and consequently has not been destroyed 
by the cold. When the best temperature is ex¬ 
ceeded, a slackening of the action also occurs, while 
at a certain temperature, most undoubtedly at 70“, 
the enzyme completely loses its activity, and is de¬ 
stroyed. 

The enzyme method of fat-splitting is carried out 
by melting the fat in a pan with a conical bottom 
and fitted with a steam coil, the temperature not 
being raised too high, since the best temperature 
for the ferment action lies between 25 and 85^ while 
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above 40it is very considerably reduced. The 
molten fat is kept at about 30°, mixed with about 
half its weight of water, and a small quantity of 
castor seed extract added, whereupon the whole is 
thoroughly mixed. It forms a thick emulsion, in 
which the splitting of the fat slowly takes place. 
It is mostly ended after six or eight hours, wlien 
some 80-86 per cent of the fat will be decom¬ 
posed. The addition of manganese sulphate hastens 
the decomposition. 

At the end of the time during which the enzyme 
is allowed to act on the fat, the mass is heated to 
100 ° to kill the enzyme, after which the mass is 
allowed to rest. It settles into three layers, the top 
one being the pure fatty acids, the middle one an 
emulsion of fatty acids and ferment, this being con¬ 
siderable when one uses merely crushed castor seeds 
instead of the castor seed extract. The bottom 
layer consists of the glycerine water. All three 
layers are then further dealt with. 

The Nature of Glycerine Water. 

By employing one of the above-mentioned pro¬ 
cesses for the decomposition of fats, one always 
obtains liquids in which, besides water, larger or 
smaller quantities of glycerine are present. In addi¬ 
tion to these two bodies there are also found in tlui 
liquid all those substances which were admixed with 
the original fat employed, or were introduced dui'ing 
the saponification or process of decomposition. The 
raw glycerine liquor therefore in most cases possesses 
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an evil, often very disagreeable odour, and a yellow- 
brown to dark-brown colour. 

The liquid which is obfcaiired by the decomposition 
of lime soap with sulphuric acid, has always a con¬ 
siderable quantity of calcium sulphate (gypsum) in 
solution, since the gypsum, which is only slightly 
soluble in watcu:, dissolves mucli more easily in a 
li(iuid containing glycerine than m water. This 
solubility of calcium sulphate renders it difficult to 
produce a glycerine quite fi*ee from lime from a 
glycerine water produced by the decomposition of 
lime soap. 

If th.c saponification of the fat is carried out under 
liigh pressure, so that one uses, as has already been 
mentioned, a very small quantity of lime or magnesia, 
it is then easier to produce from the lyes which are 
yielded by the decomposition of the lime soap a 
glycerine which will contain only a very small 
quantity of lime. Absolutely lime-free glycerine, 
however, is scarcely obtainable in this way. 

By tlie saponification of fats with sulphuric acid— 
if one does not work according to the quick saponi¬ 
fication process—a very largo part of the glycerine 
present is completely lost, owing to its decomposi¬ 
tion ; the raw glycerine obtained is very dark brown 
owing to the numerous decomposition-products whicli. 
are dissolved in it, occasionally quite black, and it is 
vtiry difficult to produce from raw glycerine which has 
been obtained by tlio slow saponification witli sul- 
])huric acid a product free'^from colour and odour. 
In any case the cost of this is so high that one 
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usually does not attempt to produce a first-class pro¬ 
duct from such glycerine, but rather sells it in a not 
quite pure state. 

The best yield of fatty acids, as also of glycerine, 
Iboth in regard to quantity and quality, is obtained 
,by saponification with steam under high pressure. 
In addition, this process is extremely simple and 
costs little, so that it must be described as that 
which above all others is to be preferred. For this 
reason, the largest stearine and glycerine works at 
the present time work exclusively according to the 
process of saponification with steam, and it is really 
through the employment of this process that the 
production of almost chemically pure glycerine, in 
any desired quantity, first became possible. 

EEcovnnv of Glycerine from Soap Lyes. 

The saponification process takes place, so far as 
the substances arising therefrom are concerned, 
always in the same way: there is formed a combina¬ 
tion of the fatty acids with a basic substance (potash, 
soda, lime, etc.), while the glycerine is liberated in 
the free state. Glycerine, therefore, is always pro¬ 
duced as a by-product in the manufacture of soap. 

The production of soap is carried out, as is well 
known, in small soap works by boiling the fat with 
potash lye until saponification is complete, and the 
potash soap so formed, which because of its lack of 
firmness is not well suited for many purposes, is then 
converted into sodium soap. This is effected by 
adding common salt to the potash soap, whereby 
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(louhlo (1 (h;{)iii[)()K iti()n t.Jik(^s in such a wa.y Miat. 

sodium, soap is foniKMl, aiiid pol.assimn (diloridti ; 4 *o(^s 
into solution: the soaps ar(‘., with th(‘. (^xet^ption of 
tliat produc'cd iVoni (axuauit oil, insoluhhi \ii hrim^ 
and arti tluax^foni scipa,ra.t(xl out hy additit)n of an 
cixcoss oT salt, or, a.s tlu‘. kichnical (‘xpixissit)!) has it, 
salted or ^^n-ained out. 

In tlu'^ la,i7.(<n' soap works, one*. sa.ponili<‘s dire(*t 
with, sodU) ly(‘., Uiiid soni{diim(‘s caa'rit's out tlu^ <,(ra»|ir- 
in^^ out not with c-otnmon sa.lt, hut hy a.ddilion of 
very coiuuuitra.t<ul c.aiustic, ly('., which lik(‘wise ca.uses 
th(‘- S( 4 )ara,tioa of th(‘. soap. In tint stea,ric. acid 
fac.tory, finally, om^. inanura.c.tnr(‘S tiui oleic- acid, oh- 
taiiKul hy pia^ssun^ of tlu^ fatty acid mass, direetJy 
into Hoa/p hy hoilin^^ it with ca-ustie ly(‘. 

Th(^ wastt^ ly(‘, from tlu*. ma.nura.<*t{ir(‘of soa.|), a.(^• 
cordin^^ to tlu'. old |)ro<*(‘ss{‘s, coni.a.ins pota.ssium 
chloride', or sodium c.liloridex a.nd (‘xc<‘ss of fix'e*. aJkaJi 
in addition to ^dyeaua’iit'., a.nd ca.n he* einployt'd under 
i*avonra.hl(‘. eii’eunnstanc.e'.s for tlu^ production of th<' 
lattiux h’ornu'rly (.his |)roduc.tion \va.s aed.ua.lly ca,rri<‘(l 
out, hut in a. ratlu'.i* un.satisfa,(‘.l.ory wa-y, llu! exea^ss 
of fr(U‘ a.lkali in tlu^ lyexs Ixu’n^^ (‘xaed.Iy nt'id-rali/axl 
with hydi'ocddoric, aedd, a.nd th<^ liepior a.llo\V(ul l.o 
evaporates on the \vat('.r»haih. d’lu'ns was fornusd in 
this way a nuisH ol salt, which a.lwayH lasmaimul 
sticky on account of tlu'. ^dy<uu*int‘ adinixt'd with it. 

dliis sa.lt mass was tre‘a.t('<l with .stron|^^ (1)0 pen* 
(uvnt) alcohol, which hrinf>[s into solution only vtu’y 
little', ol tll(^ salt, hut ve'.ry (uisily tlu^ w'hoh' (juantil.y 
of the ^dycen-inc. d’he solution se'.paralt'd from the 
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salt mass was freed from alcohol by warming np to 
100° C. in a distillation plant, and one obtained as 
residue in the retort a syrupy liquid of yellow to 
brown colour—impure glycerine. 

Glycerine may be recovered from the lyes of the 
soap-boiler in a less costly way, by evaporating 
the neutralized lyes in shallow open pans over a 
fire until its boiling-point reaches 109° C., like the 
boiling-point of a concentrated solution of common 
salt. The neutralization is absolutely necessary, 
and indeed is so carried out that neither an excess 
of alkali nor acid remains in the liquid, as the pres¬ 
ence of either causes the glycerine to be badly con¬ 
taminated by the formation of decomposition pro¬ 
ducts. 

During the evaporation, salt continuously separ¬ 
ates out from the liquid, and this is removed by 
means of suitably formed rakes at the edge of the 
pan, lifted up, and brought into a basket which 
hangs over the pan, so that the liquid mixed with 
the salt can drop back again into the pan. 

The temperature- of 109 C. is finally reached, 
when one allows the liquid to run off into a distilla¬ 
tion apparatus, in which it is further concentrated, 
until the thermometer, which is immersed in the 
liquid, reaches exactly 193° C.: the heating by fire 
is then stopped, and a stream of superheated steam 
led through the liquid, the flow of steam being so 
regulated that the temperature does not fall below 
193° C., and does not rise much above this point, as 
in the first case no glycerine would distil over, and 
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in the other case the glycerine might be contamin¬ 
ated with acrolein. 

The lyes of the soapmaker contain 0-92-1-8 
per cent of glycerine.^ One cools it thoroughly, 
filters to remove suspended matter, evaporates it up 
to a glycerine content of 40 per cent, acidifies with 
hydrochloric acid, filters, concentrates it in vacuo up 
to 80 per cent, cools tliorouglily, and filters. This 
crude glycerine is distilled in vacuo. The portion 
passing over between 170" and 180" is once-distilled 
glycerine of commerce ; by repeated distillation it 
furnishes pure glycerine. Or one mixes the lye with 
sulphuric acid, filters, evaporates in vacuo up to 22" 
B., then in another apparatus to 28" B., whereupon 
most of the common salt separates, and can again 
be used for the salting out of soap. The glycerine 
is distilled in vacuo, then concentrated in vacuo up 
to a specific gravity of 1-268, once more distilled 
and concentrated, and finally decolorized with animal 
charcoal. 

The evaporation apparatus which one uses for the 
concentration of the lyes are so constructed that 
under them are cylindrical vessels with sieve bottoms. 
These salt-boxes are during the evaporation com¬ 
bined with the upper part of the evaporator, so tliat 
the salt separating during the evaporation falls into 
the box and collects on the sieve. When the box 
is almost filled with salt, which can be ascertained 
through spy-holes, one shuts the connexion between it 

^ 2''rantilator\'i note.-— It iH frequontly hipjher in this country, iind 
may roach as much as 7 per cent. 
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and the evaporator, and establishes only a connexion 
between this and the part of the box to be found 
under the sieve-bottom. The vacuum prevailing in 
the evaporator is thus transmitted thither. If one 
now allows air to pass into the upper part of the 
box, then the atmospheric pressure forces the liquid 
contained in the salt along, and finally into the 
evaporation apparatus, whereupon one covers yet witli 
steam, in order to obtain all the glycerine out of the 
salt. 

The salt mass one brings finally into a centrifuge, 
where it is extracted with water until it only contains 
0*25 per cent glycerine. With the help of this 
apparatus, one is able to produce from lyes crude 
glycerine of 80-84 per cent glycerol and 9-10 per 
cent ash. 




CHArTEE IV. 


TlTl^: PRODUCIMON OF PUKE (^LYOrRlNF. 

WiP^N it was coiniiionced to pi‘ocliice glycerine on a 
large scale, one had to contend with innumerable 
difficulties in order to obtain a product which was 
not only colourless and brilliant, but also odourless. 
The absence of odour was especially difficult to 
obtain, and it was consequently attempted to per¬ 
fume the really evil-smelling glycerine—it owes this 
unpleasant smell to the admixture of a small quantity 
of acrolein.—For the expert, however, no deception 
was possible, because the smell of acrolein is so 
characteristic tliat it stands out clearly above any 
other smell whicli is intended to mask it. 

It was early tried to concentrate glycerine by 
evaporation until it ])egan to distil, and the distilla¬ 
tion then, carried on in closed vessels (stills). But 
thougli one proceeded cautiously in tliis way witli 
the distillation, it was yet, and especially towards 
the end of tlie operation, almost impossible to avoid 
the formation of a small cpiantity of acrolein. 

It was further sought to obtain the glycerine 
water clear and at the same time free from odorous 
substances by means of filtration througli bone- 
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charcoal; this accomplishes the first, but not the 
second, object, and the glycerine absorbs, in con¬ 
sequence of its large solvent power for lime salts, 
considerable quantities of these out of the bone- 
charcoal. 

It was not until the introduction of aqueous saponi¬ 
fication that the perfecting of the production of pure 
glycerine on a manufacturing scale was satisfactorily 
accomplished so that there is in existence in com¬ 
merce true glycerine, which can be regarded as 
chemically pure and consists really only of glycerine 
and water. 

The employment of absolutely pure fats may be 
regarded as the main condition for the production 
of pure glycerine in this way, because otherwise the 
foreign matters remain behind in the glycerine sol¬ 
ution, and cannot be quite completely removed from 
it. The fats to be employed therefore—more es¬ 
pecially in the case of animal tallow—must, before 
they are ready for saponification, be purified with the 
utmost care, and this is accomplished by treatment 
of the same with very dilute sulphuric acid or soda 
lye, with simultaneous heating. All membranous 
parts, which are mixed with the tallow, are therel)y 
destroyed, and the decomposition products arising dis¬ 
solve in the acid or alkaline liquid, on which finally 
floats the pure melted fat, which is either moulded 
into blocks, or immediately brought into the de¬ 
composition vessel. 

The decomposition of the fats is completely ef¬ 
fected in this decomposition apparatus, and with the 
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employment of the smallest possible quantity of 
water, so one obtains immediately a very pure crude 
glycerine, which only needs to be refined and evap¬ 
orated with suitable precautions in order to give 
after distillation pure highly concentrated glycerine. 

The removal of these foreign, contaminating sub¬ 
stances is also necessary on this account, tliat it 
would give rise to the most objectionable foaming 
during the subsecjucnt manufacture. The contam¬ 
ination consists, according to the origin of the 
glycerine water, of soap, fatty acids, albuminous 
matter, etc. One removes tliese sulistances by boil¬ 
ing up, neutralising, and sulisequent treatment with 
sulphuric acid, whereupon one filters. The glycerine 
so purified is then concentrated in the vacuum ap¬ 
paratus. Quite pure glycerine should be obtained, 
which is steam distilled in vacuo. 

The Distillation of Glygeeine. 

If one concentrates and finally distils glycerine 
over an open lire, it is not possible to prevent a })art 
of the wall of the still l)ecoming heated above the 
boiling-point of the glycerine, and the glycerine 
vapour coming into contact with it yields a small 
(|uantity of acrolein. In order to avoid this defect 
heating with an open fire has l)een quite given up, 
and in its stead heating with superheated steam 
introduced, the steam being passed direct into the 
glycerine. 

So long as excess of water is contained in tlie 
glycerine, one can allow the steam to enter the 
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liquid at a temperature of 800'’ C. and inoro; it 
then only evaporates water. When^ howevoi-, tlio 
temperature in the distillation apparatus r(‘.;ich.cs 
280° 0. the glycerine itself begins to boil, a,j)(l now 
the greatest attention must be given to tlie regiila- 
tion of the steam; one adjusts it in such a way tha.t 
the temperature remains constant between 280" n.n.(I 
290° C. The glycerine distils then in tlic^ steam, 
without any decomposition, and passes over (jiiitci uni¬ 
formly. Instead of effecting the concerntra,tion by 
directly introducing superheated steam, on(‘. a.lso oc¬ 
casionally finds a steam coil inserted in tin; distiJIui- 
tion apparatus, through which one first allow^s to pass 
ordinary steam at 8-4 atmospheres pressure, sluit- 
ting this off as soon as the temperature in the still 
has become similar to that of the steam. One tluvn 
allows, immediately after shutting off tlie ordimiry 
steam, superheated steam to pass until the tcunper- 
ature of 280° C, is reached, when one also shuts off' 
this steam, and henceforth allows su])er]ieat(id stea,m 
to pass directly into the contents of tlie still for the 
real distillation of the glycerine. 

The cooling of the vapours takes ))la.cc', in a, c,on- 
denser of unusual construction, the r(‘.s])('.c.tiv(^ a.p- 
paratus being arranged in the following mamuvr: - 

The copper coils—six in mimbcr—lii) in a plaau^ 
parallel with each other at the bottom of a, tank, 
which is fed continuously with cold water, and ar(‘, 
at the ends bound together with, curved blo(‘-l<s. To 
each of these curved ends is fixed a tubci wliicli 
goes vertically downwards through tlie liottom of tlu^ 
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cooling vessel, and underneath the same is bent in 
the form of a U (siphon-shaped). Under each of 
these tubes is placed a vessel for the reception of 
the glycerine. 

The glycerine vapours are so much the less vola¬ 
tile, as they contain* less water, and consequently 
the condensation takes place in the following way: 
the glycerine most free from water condenses in the 
first of the condensing tubes, and flows off through 
the first U-tube : afterwards the vapours are passed 
through a second tube, where condenses a glycerine 
already rich in water, which runs off through the 
second siphon tube, etc., until finally only pure 
water flows out from tlie last tube. 

An apparatus of this kind, but of newer con¬ 
struction, is shown in Fig 1. (according to Ubbelohde). 
The retort A, made of copper, wrought iron, or cast 
iron, has at its base a draw-oft‘ cock B., through 
which, after termination of the distillation, the resi¬ 
due is withdrawn. Into the still passes, through 
the tube F, steam from the steam superheater D. 
It enters through, the steam distributor Cl into the 
glycerine, which passes into tlie still from ihe re¬ 
servoir IT through the cock and tul)e T. For the 
control of tlie temperature in tlie still and of the 
superlieated steam the tli(3rmomoters K and E are 
used. 

Tlie vapours escaping from the still through the 
neck L are first of all usefully employed to warm the 
glycerine in H. Hereby is already condensed a part 
pf the vapour ‘wliich is withdrawn a^t M. 
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vapours reach several cooling tubes, standing side 
by side, and made of copper, from whose under ends 
the condensed liquid can be drawn off through the 
siphon-shaped bent tubes. Those vapours, which 
have passed even through the last cooler uncon¬ 
densed are still further cooled by means of cold 
water. The distillate collected in the last of these 
coolers consists then merely of water. 



Fig. 1. 

The temperature of the entering steam reaches 
mostly 260‘’“290°, the temperature in the still 
200‘’-220“. The glycerine which is obtained from 
the first receiver contains only about 10 per cent 
water, corresponding to 28° B. In the following 
receivers collects more and more dilute glycerine. 
The distillation proceeds continuously, glycerine flow¬ 
ing out of H into the mass as it evaporates. Finally, 
however, there collects a large mass of non-volatile 
residue in the still which is decomposed by heat, 
and contaminates the distillate. Acrolein is formed, 
and further, the glycerine becomes coloured yellow. 
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When this point is reached one shuts off the inflow 
of glycerine and distils the contents of the still to 
the end, and then collects the distillate separately. 

Finally the distillate is concentrated in vacuum 
apparatus, and if quite pure glycerine is to be pro¬ 
duced once more distilled in vacuo. 

As desGi’il)ed here tlie distillation takes place under 
the ordinary atmospheric pressure, a proceeding 
which is attended with certain inconveniences. One 
employs therefore mostly distillation in chambers 
xmder reduced pressure, whereby one can distil at 
lower temperatures and obtain a purer product of 
higher cu )ncentratic )n. 

As is well known the boiling-j)oint of a liquid de¬ 
pends on the superincumbent pressure, and becomes 
so much, tire lower as one reduces the pressure. 
This law of nature has long since been made use of 
in the manufacti.ire of substances which are easily de¬ 
composed at high temperatures: in sugar factories, 
for example, the evaporation of the sugar solutions 
takes place exclusively in the so-called vacuum ap¬ 
paratus, in which through exhaustion of the air, and 
continuous condensation of the escaping water vapour, 
very low pressure is ol)tained. 

In order to obtain glycerine l)y distillation com¬ 
pletely colourless and free from any smell, the distil¬ 
lation apparatus has been constructed of a similar 
type, so that the distillation of tlie glycerine takes 
place under reduced pressure. 

The head of the still is, for this purpose, fitted 
perfectly airtight on to the still, and also connected 
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with an airtight joint to the condensing plant; the 
tubes fixed to the still head and leading downwards 
are in this case, however, straight, and the vessels 
which serve for the collection of the glycerine flowing 
out of these tubes are also fitted airtight with them. 
The end of the cooling tubes is connected with a 
double air-pump of suitable size and with the receiver 
tor the condensed liquid. 

As soon as the distillation vessel is filled up to a 
suitable height with the crude glycerine, one sets 
the air-pump in action, then allows steam to enter, 
and accomplishes the distillation under the continu¬ 
ous action of the air-pump in a shorter time, and 
at a much lower temperature than that at which 
glycerine boils under ordinary atmospheric pressure. 

Whilst at the ordinary atmospheric pressure (760 
mm. mercury) the glycerine boils constantly at 290'" C., 
boiling takes place, at a pressure of 500 mm. mercury, 
already at 210"' C.; when one has a pressure of only 
12*5 mm., then glycerine boils at 179*5“; and it is 
therefore advisable to provide the distillation ap¬ 
paratus with a very strongly acting air-pump, so that 
a very low pressure can be obtained. By adequate 
influx of steam the boiling then takes place very 
quickly, and the distillation is completed in a very 
short time. 

The apparatus of Heckmann (Fig. 2, after "Ub- 
belohde) illustrates the principle of this apparatus 
(D.E.P. 6547.) The glycerine to be distilled is placed 
in a walled-in still A, into which superheated steam 
at C, is introduced. The glycerine vapour 
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passes over through the tube B into the cooling re¬ 
ceiver C, which is of similar construction to the 
tower of an alcohol-rectifying apparatus. It is i)ro-- 
vided with a heating arrangement D in order to niain- 
tain the temperature at about 80'", so that tlio waiter 
present in the condensed glycerine is caused to 
evaporate. The vapours rise tlirough. a niiniher of 
stories E, which are arranged over 0, and with 
breaks at F, which allow of the passage through of 
the vapours. Covers G and overflow tubes 11 ar(‘- 
provided, through which must run tire glycerine c-on- 
taining liquid collecting in any single story, wliilst 
this runs downward through the overflow tube from 
one story to the other. In this way the li(juid 
always comes again into contact with the hot va])Our 
streaming in, whereby it becomes the stronger; in 
glycerine the more it approaches C. Finally tlu^ 
hitherto uncondensed vapours proceed tlicnce into 
the condenser J, which is cooled with just siifliciivnt 
water, so that only little water but all the glycc'-riru'- 
is completely condensed, and proceeds back into tlu^ 
story E. In order that the condensation of tlu^ gly¬ 
cerine may be complete one employs furtlicr a cum- 
densing arrangement K, from which tlirough Ij tlu'. 
condensed liquid passes likewise to E. The vapoiu's 
now freed from glycerine are finally condensed com¬ 
pletely in M. The condensed liquid, consisting almost 
entirely of water, passes through the gauge N into 
the collecting vessel 0, to which a powerful air-pum]) 
is connected. The water removed by means of tlu', 
gauge should test at the most I'’ Be. A highoi* con- 
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centration would indicate that the condensation is 
not taking place properly, and too much glycerine is 
passing over. 

Varying from the above description is the ap¬ 
paratus for the distillation of crude glycerine con¬ 
structed by Vaii Euymbecke and W. F. Jobbins 
(D.E.P. 86,829). In order to avoid any decomposition 
of glycerine which the use of superheated steam 
brings about, and loss oE lieat through the expansion 
of the steam introduced into the still, and also to 
prevent the slackening of distillation through the 
steam condensing in the boiler, the inventor allows 
the steam to expand in a coil enclosed in a hot vessel, 
whence it first enters the still. 

In practice the Euyml)ecke apparatus has proved 
very good, since it presents many advantages over 
the apparatus of the older systems. One such is 
that it can l)e employed as well for the distillation of 
saponification as of soap-lye glycerine. 

The Filteation of Glxceeine. 

In addition to distilled glycerines, refined glycer¬ 
ines which liave only l)een l)lcached by bone-charcoal 
are also used in commerce. For this purpose they 
are diluted to 50 per cent with water and passed 
througli a filter battery. 

As bleaching material bone-charcoal or spodium 
may be used, which not only extracts the colouring 
but also any odorous substances; as, however, as 
already indicated, glycerine possesses a strong sol¬ 
vent action on salts of lime, it becomes coloiuless 
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and bright after filtration, but it has dissolved salts 
of lime from the bone-charcoal, and in order that 
these may be removed it must be delimed. 

Filtration of glycerine is a very lengthy operation, 
and to ensure a regular course of work it is abso¬ 
lutely necessary to have a sufficient number of cliar- 
coal filters ready, and so to combine them in 
batteries that the amount of glycerine placed on the 
first filter, after it has passed through one or several 
batteries, should flow out of the last filter as a 
perfectly clear and bright glycerine. Witlr regard 
to their disposition, the filters used for filtration of 
glycerine are very similar to those used for the 
purification of sugar solutions in sugar factories. 

As the absorption power of bone-charcoal for colour¬ 
ing and odorous substances is not unlimited, the 
filters must be renewed from time to time. As a 
rule, the filter batteries are placed together in such a 
manner that, for instance, six filters are connected 
with one another ; the first filter througli which tlie 
glycerine flows will also be the first to become in¬ 
effectual as it will have already extracted from the 
glycerine large quantities of colouring and odorous 
substances. This filter is then removed, and at the 
end of the battery a filter filled with fresli Ixme- 
charcoal is placed, so tliat now the filter which wUiS 
No. 2 is No. 1 and No. 6 is No. 5. No. (> is the 
newly added filter. 

The porous bon e-charcoal retains co]i sid (vral >1 
quantities of glycerine, and this glycerine can be 
obtained by forcing it out with water which is lot 
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flow into the filter. The glycerine is somewhat 
diluted by this process, and for subsequent distillation 
it is mixed with other fresh material. 

Bone-charcoal which can absorb no more s’lib- 
stances from the glycerine is revivified in a similar 
manner to that adopted in sugar factories. Tlie 
charcoal is washed and the washing water can again 
be used for dilution of the glycerine, in order by tliis 
process to obtain tlie small quantities of glycerine 
contained therein. This washed bone-cliarcoal is 
treated with hydrochloric acid and soda lye, dried 
and heated to redness in closed vessels, whereby the 
organic matter absorbed by the charcoal is destroyed; 
and it can then again be xitilized for the decolorizing 
of more glycerine. 

If ordinary bone-charcoal is used for the filtration 
of glycerine, salts of lime are dissolved from the 
charcoal, which in some cases in which glycerine 
is used, ai-e of no importance; glycerine which is 
used for certain, notably medicinal purposes should, 
on evaporation, leave no residue and, therefore, it 
should be delimed and again distilled. 

In order to avoid the formation of any colour¬ 
ing matter, this distillation should l)e proceeded witli 
in the most careful manner witli regard to tem])era- 
ture, and 290" C., the actual boiling-point of glycxu*- 
ine, should not l)e reached, bnt tire addition of steam 
should be so controlled that distillation should take 
place at 287'-289'' C., and particularly in the case 
of this latter distillation the application of rodiuxul 
pressure is of the greatcist advantages, inasmuch as 
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the risk of the formation of colouring substances 
is decreased the lower the temperature at which dis¬ 
tillation takes place. 

The filtration of glycerine over bone-charcoal is 
a very lengthy and tedious operation, therefore de¬ 
coloration is also carried out by heating the raw 
glycerine to 100° by steaming it in a boiler fitted 
with a stirring device, adding a bleaching agent, such 
as black spodium powder, etc., and then' carefully 
stirring it. Generally 3-15 per cent bleaching 
material suffices, and within one to a .couple of hours 
sufficiently thorough bleaching is obtained. This 
has the further advantage that the glycerine then 
only absorbs very small quantities of lime from the 
charcoal, so that subsequent deliming can be dis¬ 
pensed with. In the case of glycerine bleached 
in the batteries already mentioned, however, delim¬ 
ing is absolutely necessary. The bleached glyceriiur 
is finally placed in a vacuum apparatus and brought 
to the requisite concentration. 

Deliming of glycerine can be carried out in such a 
manner that the dissolved lime is converted into an 
insoluble compound which can be removed by filtra¬ 
tion. To this end sodium carbonate, sodium oxalate, 
or acid sodium phosphate is added to the heated 
glycerine, which causes the formation of insoluble 
calcium carbonate, oxalate, or phosphate. 
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PURIFIOxlTION OF GLYC-FKINr’. liY MEANS OF CbYS- 
TAIAjI/ATION. 

Glycerine possesses tlie quality of crystallizing at 
a low temperature, and by this pi-ocess a product of 
considerable purity Ccin 1)0 obtaiiuid from fairly im¬ 
pure glycerine. Tlie discovc'^ry of this crystallizing- 
property of glycerine was a nu^.ix^ chance ; in the 
winter of 1867 thc‘. Iju-gi^. stc'.arin and glycerine 
factory of Sarg t'v- Co., at .Liosing near Vienna, 
shipped a number’ of casks contn,ining glycerine to 
England, and one of tln^ ca.sks arrived witli the con¬ 
tents so completely crystallized tliat it had to be 
chiselled out of the cask. In 1870 Kraut in Han¬ 
over invented a process by means of which glycerine 
of every quality and in large (piaintities can be 
crystallized; this process is still sometimes used. 

Crystallization takes ])laf(i in leaden vessels, the 
mother liquor is poured off after crystallization, and 
the crystals are freed from any of the mother liquor 
by being swirled round in a very rapidly rotating 
centrifugal machine. On melting these crystals at 
+ 18 to -h 20" 0., very pui’(? arid (’.olourless gdycerine is 
at onoq obtained. 



CHAPTEK V. 


THE PROPERTIES OP GLYCERINE. 

The glycerine used in commerce, apart from its water 
content, which according to the variety generally 
fluctuates between 2 and 12 per cent, is practi¬ 
cally chemically pure and can be obtained entirely 
free from water if it be left for a few days in flat 
dishes over concentrated sulphuric acid. 

Glycerine free from water is a liquid as clear as 
water, of remarkably strong light-refracting properties 
and of a syrup-like consistency without any smell 
whatever and of an intensive burning sweet taste ; 
in the mouth as well as on the skin of the body it 
causes a strong sensation of warmth, because it ab¬ 
sorbs water very powerfully. Exposed to the air, 
all concentrated* glycerine absorbs a great deal of 
water therefrom, and further absorption only ceases 
when the water content of glycerine has risen to 
about 5 0 per cent. The specific gravity of glycerine 
is 1*264'and decreases when water is added. The 
table given below shows the relation between the 
water content of the glycerine and the specific 
gravity of the product in question, and, therefore, 
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when using these tables a simple determination of the 
specific gravity by means of an ordinary hydrometer 
is sufficient in order to obtain at once the percentage 
of glycerine. 

On cooling below the freezing-point of water, the 
glycerine congeals to a crystalline mass and forms 
monoclinic crystals the size of a pea, of diamond 
like brilliance, particularly if crystallisation is stimu¬ 
lated by introduction of a crystal. The crystals 
melt at p 17“ and glycerine wliich has crystal¬ 
lised and then been melted again, is said to remain 
liquid for half an hour even after cooling to - 20“ G. 

The freezing-point of glycerine diluted with water 
depends on the water content. The following table 
gives the specific gravity of aqueous glycerine solu¬ 
tions determined at IS*" and the freezing-points:— 


Specific CJvavity 

CJlycevino. 

Kreezing-IN)int. 

at irp 0. 



1-024 

10 

- 1" 

1-051 

20 

- 2*5'' 

1-075 

30 

- 6'' 

1-105 

40 

- 17-5'^ 

1-127 

50 

- 2r'-34^^ 

1-159 

()0 


1-179 

70 

below - 35 

1-204 

80 


1-232 

90 


1-241 

94 



If quite colourless glycerine is heated in open 
vessels, then after a time it becomes yellow and can 
be heated to 120“ C. without changing any further; at 
this temperature it begins to give off fumes which 
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smell like boiling glue; at a temperature of 290'’ it 
boils; if the experiment is carried out in glass 
vessels, these should be placed on a sand-bath, as 
the glycerine boils so powerfully that an unprotected 
vessel would easily break. 

Glycerine evaporates noticeably at 100“, particularly 
with water-vapour. In a sufficiently hiu'- states of 
division it vaporizes even at the ordinaiy teunpeuu- 
ture. In spite of this it is to 1)0 consideri'.d Jis a, non¬ 
volatile liquid which also does not change in. th(‘- air. 
Important is the property of glycerines that inuha- 
reduced pressure it can be distilled with stc^ain Uit 
temperatures of 180'"-200° witliout decomposition. 

If glycerine be heated to 150", it easily takes 
jSre and burns with a steady blue flame to carl)oni(‘, 
acid and water without developing any smell; a wick 
is not necessary for this purpose. 

Glycerine is very hygroscopic, that is, it ahsoi.ffis 
water from the air, and if fully conccvntratcul gly¬ 
cerine be used it absorbs its own weight. With 
water, alcohol, and ether-alcohol, witli conc(vntral/(ul 
sulphuric acid, and caustic lye it can l>e mix(ul in a.ll 
proportions, but not with ether, chlorofoian, lamziiu',, 
and fatty oils. It dissolves alkali(‘-s and alkaliiu^ 
earths, lead, copper, and iron oxide, as well as many 
salts and alkaloids. 

Glycerine prevents the precipitation of tlu^ lu^avy 
metals by alkalies. Whereas, for instan(*.e., caustic; 
lye at once precipitates voluminous coppea* hydroxide; 
from a solution of chloride of copper, this doc's not 
take place on boiling if glycerine be added. Fused 
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With potassium hydroxide, glycerine gives acetic acid, 
formic acid, and hydrogen ; heated with phosphorus 
pentoxide or with sulphuric acid it gives acrolein. 
If a mixture of glycerine and oxalic acid be distilled, 
the glycerine remains unclianged, but the oxalic acid 
is split up into formic acid and carbonic acid. If 
the mixture is heated to over 100", allyl alcohol is 
produced. 

By means of diluted nitric acid glycerine is oxi¬ 
dized to glyceric acid and glycollic acid ; if the oxidiza¬ 
tion process is gentle, glycerose is formed, consisting 
principally of glyceric aldeliyde, and dioxyaceton. 
Concentrated nitric acid oxidizes it to oxalic acid and 
carbonic acid. Phospliorus iodide forms allyl iodide 
from which, essential oil of mustard (allyl sulplio- 
cyanide) and garlic oil (allyl sulphide) can l)e ob¬ 
tained. 

It water-free glycerine is placed on the skin it 
causes a burning sensation owing to the extraction of 
■water. Administered internally 10-15 grammes suit¬ 
ably diluted has no effect, larger quantities liave a 
purgative action. In the organism the glycerine is 
partly combusted and partly separated again without 
any modification. Introduced into the blood, large 
quantities have a poisonous effect on the central 
nervous system, the intestines, and the kidneys. 

If glycerine is boiled in open vessels it gets darker, 
and in addition to glycerine vapours it evolves pro¬ 
ducts of decomposition wliich have a very unpleasant 
smell, and in which are present, besides acrolein, acetic 
acid and other acids of the fatty acid series. Finally, 
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there remains a mass which becomes darker and 
darker and is reduced to ashes by strongly heating. 
Glycerine can be distilled without alteration only in 
a vacuum chamber and by means of a stream of 
super-heated steam. 

Glycerine is characterized by its property of dis¬ 
solving a large number of substances which other¬ 
wise would only be dissolved with difficulty, and for 
this reason it is used in many branches of technical 
chemistry; it is largely used in the manufacture of 
perfumes and soaps, further in dyeing works and 
also in medicine as a solvent. We give below some 
indications as to the solubility of different substances 
in glycerine : 100 parts of glycerine dissolve 98 parts 
of crystallized sodium carbonate, GO parts of crystal¬ 
lized borax, 50 parts of chloride of zinc, 40 parts of 
alum, 40 parts of potassium iodide (according to 
Farlay, liowever, only i part of potassium iodide 
can be dissolved in 3 parts of glycerine), 33 
parts of potassium cyanide, 30 parts of ferrous sul¬ 
phate, 30 parts of copper sulphate, 20 parts of sugar 
of lead, 20 parts of ammonium carbonate, 20 parts 
of sal ammoniac, 10 parts of barium chloride, 8 parts 
of sodium sesquicarbonate, 7*5 parts of chloride of 
mercury, 3*5 parts of potassium chlorate. Further, 
2000 parts of glycerine dissolve 1 part of sulphur, 
and glycerine is also an excellent solvent for salicylic 
acid, for aniline dyes, etc. Further 1 part of iodine 
can be dissolved in 100 parts of glycerine, mercury 
iodide in 340 parts, quinine sulphate in 48 parts, 
tannin in 6 parts, veratrine in 96 parts, atropine 
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in 50 parts, morphine hydrochloride in 19 parts, 
tartar emetic in 50 parts, and potassium sulphide in 
10 parts of glycerine. 

Glycerine itself is miscible in all proportions with 
water and alcohol or with a mixture of alcohol and 
ether, but insoluble in pure ether, benzol, carbon 
bisulphide, and chloroform. 
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Pboperties of Nitbo-Glycebini^^.. 

As early as 184-7 the combination known under 
this designation was produced by treating glycerine 
with nitric acid, and its explosive qualities were also 
recognized. This combination was also called pyro- 
glycerine as a reminder of its analogy with pyr¬ 
oxylin or gun cotton whicli also possesses the property 
of exploding violently. 

The explosive qualities of nitrated glycerine, how¬ 
ever, remained totally ignored until 1868, when the 
Swede, Nobel, applied it to the science of blasting. 
The so-called Nobel explosive oil is nothing but 
nitro-glycerine, and to Nobel, though he did not dis¬ 
cover it, must be attributed the merit of having pro¬ 
duced it on a large scale and applied it as an explosive. 

The actual application of this oil as an explosive 
dates, however, only from that period (1H()7) when it 
was possible to produce it in such a form tliat the 
handling of this substance was no longer accompanied 
with such great risk as in the case of the explosive 
oil pure and simple. 


/nroN 
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The chemical constitution of nitro-glycerine has 
already been set forth; it is not a nitro-compound in 
the sense, for instance, that gun cotton and tri-nitro- 
phenol are, in which actually hydrogen is replaced 
by the radicle nitryl (NO^), but nitro-glycerine is in 
reality an ester of nitric acid; in the same manner 
as in glycerine C.jH,,(OIT)y the three hydrogen atoms 
of the hydroxyl groups (OH) can be replaced by 
acid radicles, so it is possible to replace them by 
nitric acid, and accordingly there is also a mono-, di-, 
and tri-nitro-glycerine, that is compounds in which 
one, two^ or three atoms of hydrogen have been re¬ 
placed in the tliree hydroxyl (OH) groups by nitryl 
(NOJ. 

By treating glycerine with nitric acid all the tliree 
possible nitro-glycerines are obtained, the formuhn 
of which are as follows:— 

C.jHr,(OH.)„(0 . NO.,) = mono-niti’o-glycerine 
C‘ H;,(0PI)(0 . NO,j, - di-nitro-glycerine 
0yHr,(0 . NOo);{ = tri-nitro-glycerine. 

For explosive purposes, tri-nitro-giycerine is the 
most important, and care must be taken to manu¬ 
facture this product only. If nitric acid in a con¬ 
centrated form, is allowed to act on water-free 
glycerine, then at the commencement only tri- 
nitro-glycerine is formed, but on continuation of the 
reaction di- and inono-nitro-glycerines are formed 
as the nitric acid is diluted by the water which 
separates. 
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C3H,(0H)3 + 3HNO3 - 
glycerine nitric acid 
= G3H,(0N0,)3 + 3H,0 
tri-nitro-glycerine water. 

Therefore, in order to prevent as far as possible 
in the action of nitric acid on glycerine the forma¬ 
tion of mono- and di-nitro-glycerine, care must be 
taken to remove the freshly formed water as soon as 
possible, and this can be done by mixing the nitric 
acid with concentrated sulphuric acid. The resulting 
water is at once bound by the sulphuric acid, and 
during the whole process the nitric acid keeps tlie 
necessary high concentration. 

Proouction of Nitro-CtTjYoertnk aoc.’ordtnci to 
SOBRERO. 

The oldest known process for the production of 
nitro-glycerine as indicated by the inventor of this 
compound is as follows: 2 parts of sulphuric acid 
of 1-831 specific gravity are mixed witli 1 part of 
nitric acid of 1*525 specific gravity, and the mixture 
is left or placed in cold water until it lias cooled to 
the ordinary temperature. Into the mixture a thin 
stream of half a part of highly concentrated glycer¬ 
ine is poured, and the liquids are mixoul liy stiiTing. 
Fairly strong heating results, and on treating largo 
quantities of the material it is absolutely necessary 
to cool the vessel, which is most simply accomplished 
by placing in cold water. 

The action of the highly concentrated nitric acid 
on the glycerine takes place in a very short time, and 
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the liquid becomes turbid on the separation of the 
nitro-glycerine, which floats about in fine drops. 

As soon as an oily substance begins to detach it¬ 
self from the acid mixture, the contents of the vessel 
are poured into a large amount of water which 
should amount to at least fifteen times that of the 
liquid contained in the nitrating vessels, and then the 
nitro-glycerine which is specifically heavier than 
water settles at the bottom of the vessel. The acid 
liquid is drawn off, the nitro-glycerine repeatedly 
washed with water, and finally dried over sulphuric 
acid under an air-pump. 

According to Sobrero’s process, a very pure pre¬ 
paration can be obtained, the explosive action of 
which is all tliat can be desired; but the process in 
the form described is more suitable for laboratory 
experiment than for the production of nitro-glycerine 
on a large scale. In this case it is far more necessary 
to take certain precautionary measures in order to 
render the production of a substance such as nitro¬ 
glycerine, which, has suclr terrible effects on explod¬ 
ing, as little fraught with danger as possible. 

PkODXICTION 01^^ NXTliO-GLYOEJUNE A(XJOE,DING TO 
N()E]^l. 

Nobel, wlio as already stated may be looked upon 
almost as the second discoverer of nitro-glycerine, but 
who, however, was the first to make practical use of 
this substance in connexion with explosives, suc¬ 
ceeded in inventing a process by means of which 
large quantities of nitro-glycerine can be ol)tained. 
Nobel’s process at first was as follows:— 
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The nitration mixture was composed of dry sail/- 
petre and sulphuric acid, and in such a measurt^ tlia/t 
1 part of finely powdered saltpetre was mixcul wilh 
3-5 parts of sulphuric acid, and the mixture cjoohul 
to 0° C., when by far the largest portion of tlie potas¬ 
sium hydrogen sulphate KHSO., crystalli>^ed out, and 
a liquid w^as obtained which consisted of liighly (con¬ 
centrated nitric acid mixed with sulpliuricc acud. 
When this acid potassium sulpliate had crystallizcul, 
the liquid was run ofi:* from the crystalline', imiss, {uul 
the glycerine poured into it; the formation of tluc 
nitro-compound quickly toede place, and tlam thee 
entire liquid was poured into water, wluvn tine niti*o- 
glycerine was washed free from the acids attacclucd to 
it and dried. At the time when the manrifactuixc 
of nitro-glycerine was introduced, tlie daily prccss 
often reported on explosions which had tak(m ])la/(*-(‘ 
in the nitro-glycerine works, and tlie riiu'xaggtcni/tt'd 
descriptions of havoc wrought by thesec (explosions 
of large quantities of nitro-glycerine ghastly 

enough to make the production of nitro-glye,(crime 
appear to be one of the most dangerous op(!ra.tions 
known. The reason of the fre(|uent accidciiits (caais(cd 
by explosions in the nitro-glycerine works at/ fii'st is 
not attributable to the easy disintcegration of tine 
nitro-glycerine itself, for this is ratlncr a sifhstamac 
which only explodes by means of tlicc applic.at/ion of 
certain special treatment, and whicli oT iis(tr c.ould 
never explode spontaneously, tliat is by smhkcn dis¬ 
integration without any perceptil)le exteimal c.auscc. 

It was the use of unsuitable nuctlmds for iluc 
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production of nitro-glycerine, and even more the con¬ 
stitution of the raw glycerine itself, which caused 
the many accidents in the nitro-glycerine factories. 
]3efore glycerine was produced by decomposition with 
steam under high pressure, and concentrated only by 
means o(; steam, glycerine of great purity and con¬ 
centration was only ol)tained at liigh prices. In 
order, therefore, that the product should not l)e too 
cjx])ensive, the .manufacturers of the nitro-glycerine 
used, impure glycerine, which in addition to a large 
amount of water contained many foreign sub- 
stjinces. Among the combinations which in ad¬ 
dition. to nitro-glyc*-erine result from the treatment of 
such a product with the nitration licjuid are some of 
very low chemical stability and easily decomposed by 
sliglit outside influences, as, for instance, moderate 
increase of tcuu.])erature. As this decomposition takes 
place suddenly eitlier through lieat or shock it is easily 
communicjited to tire nitro-glycerine, thereby cairsing 
an explosion, and in this we have a very simple sol¬ 
ution of the many (explosions which have frequently 
takc'.n plac.e in the isolated buildings, where pre])ared 
n itro-glycei.’in(‘. has becrn stored for a long period. 
Sin(H3 improv(vm('Jits have Ix^en introduced in the man- 
ufactui*c of pure glycerine, its jrrice has fallen so much 
that the nitro-glycc^rine works have at their disposal 
a sulrstance of tlie greatest purity, and from this 
time rcvports as to (explosions have become much 
I’arer. .P)y tlur us(^ of a suitalrkr process and glycerine 
of adequate purity, the manufactur’c of nitro-glycerine 
is no more dangerous than that of gunpowder, 
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certainly less dangerous than that of fulminating 
mercury or of gun cotton. From the many works 
written on the manufacture of nitro-proclucts, par¬ 
ticularly on the subject of gun cotton, it seems 
pretty probable that the spontaneous decomposition 
of the preparations takes place especially where the 
nitric acid employed is not pure, but contains de¬ 
composition products of the nitric acid, a]id in par¬ 
ticular nitrous acid. Therefore in the production of 
nitro-glycerine it is not sufficient to employ a very 
pure glycerine, but great care must be paid to tlie 
constitution of the nitric acid to be used, and for this 
reason manufacturers nowadays only use perfectly 
pure nitric acid, which before being employed is 
severely tested as to the absence of nitrous acid. 
As is well known, nitric acid easily decomposes when 
the temperature increases; as a result of the chemical 
reaction which takes place by bringing together a 
mixture of nitric acid and sulphuric acid with glycerine 
a considerable amount of heat is liberated, and there¬ 
upon it may happen that during the reaction de¬ 
composition products of nitric acid may be formed 
which in their turn react on the glycerine, resulting 
in the formation of easily disintegrated compounds. 
Therefore in the practical production of nitro-glycerine 
all the factors above mentioned must be most care¬ 
fully taken into consideration, and in addition to the 
exclusive use of pure glycerine, and pure nitric acid, 
the temperature must be prevented from rising above 
a certain limit by means of a well-regulated system 
of cooling. 
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The Manufagtuke of Nitro-Glycekine. 

The nitration acid—a mixture of about 5 parts 
of concentrated sulphuric acid, and 3 parts of 
nitric acid—is either obtained already mixed from 
the acid manufacturer, or else it is prepared on the 
spot itself. In the latter case great care should 
always be exercised, although the mixing of the two 
acids is quite a harmless operation. To this end 
covered pans fitted with an exhaust pipe for the 
evolved gases should be used, in which the stirring 
of the acid mixture is accomplished by compressed 
air. Splashing of the acids is thus avoided, and the 
mixing itself entails no danger. 

As a rule the now ready nitration acid is lifted 
into a tall vessel, and for this purpose it is best to 
use compressed air. The acid reservoir must stand 
high enough so that in tlie natural descent of the 
liquid in the course of the manufacture, the acid 
mixture may flow to the nitration apparatus, the 
nitro-glycerine mixture to the separator, and the 
separated nitro-glycerine to the washhouse without 
being carried or even lifted. The “ montejus,” which 
are employed for the lifting of the acid mixture, 
consist either of lead lined, or polished wrought-iron, 
or cast-iron pans. Lead-lined vessels have not 
proved suitable, as it is unavoidable that in certain 
parts the lead should detach itself and then the ex¬ 
posed iron is all the more easily attacked by the 
acid. Cast-iron pans are very resistant to the action 
of acids, but they must be very strong in order to 
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stand the great pressure which, on account of tlH‘. 
high density of the nitration mixture (about 1*7), 
amounts to three atmospheres. 

The nitration takes place in large leadcm vess<‘ls 
which have been soldered with tlie liydrogtvn flanu^, 
with a diameter of about 1 metro, l)y I im^tre high I 
they are able to contain a weiglit of :i(){) kg. 
of distilled glycerine at 31'" Be., 450 kg. of sulp]uiri<^ 
acid, containing 98 per cent mono-hydra-h'., a»n<l 
250 kg. of nitric acid of specific gravity T50I, wlum 
a yield of about 212-215 kg. of nitro-glyc(a*im^ will 1 h‘ 
obtained. In the apparatus tliere are about 100 lo. 
of cooling coils of 35 mm. diameter, whicli arc^ usc^d 
for cooling during nitration. Ihirtlurr, at tlu^ bottom 
of this vessel there are two pipes funnel-sluipcMl at 
the end, and provided with small orific-es. 4'li(‘y 
are employed for the introduction of tlie (‘-onrprc^sstjd 
air, by means of which the mixture during nitration 
is vigorously stirred and kept in violent motion. 
The apparatus is closed with a cover fitted witlt a 
glass window, through whicli. tlie progn^ss of th<‘ 
reaction may be observed. 4\he resulting funu^s 
escape into the open by means of a vapour outbd.. 
The bottom of the nitration apparatus is (vitlier in¬ 
clined to one side or else flat and fumud-sliaptMl; a.t 
the lowest point there is a very widc^ waste tap of 
clay. Underneath this there is a larg(^ watiu-tank 
containing water four times tlui capacity of tiui ap¬ 
paratus. If during nitration, in spite of continmut 
stirring and cooling, the temperature in tlumpparatuK 
should rise to 40^ then the workman should turn on 
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the tap, which must be very wide, so that the ap¬ 
paratus is emptied in a short time, and the mixture 
may flow into the water-tank. Only in this manner 
can an imminent explosion be prevented. In order 
that the nitro-glycerine mixture may flow to the 
separator, a funnel is placed under this tap, connect¬ 
ing it with the pipe leading to the separator. For 
observing the temperature, thermometers are fixed 
inside the apparatus, with a clear scale, the bulbs 
of which dip into the mixture. The nitration takes 
place at 28°-30°; for cooling tlie mixture well water 
is generally used, and is allowed to flow through 
the cooling coils. A quantity of about 100 kg. of 
glycerine is nitrated in about 30 minutes. 

Larger quantities of glycerine than 100 kg. are 
seldom nitrated at one time; on the other hand, in 
America quantities of 2000 kg. at one time are 
treated in large, oval pans,' in which there is an 
axletree with an eight-paddled wheel attached, which 
when rotating forces the glycerine in under the acid 
mixture. More certain and more suitable, however, 
is the employment of the Ballabene air-stirring pro¬ 
cess, which also allows the use of glycerine heated to 
dd"". At this temperature the liquid is much thinner 
and mixes more easily with the acid. Thereby local 
decomposition is avoided, which, moreover, is largely 
to be attributed to the great purity of the glycerine 
and the acid einployed. 

The. glycerine flows out of a large number of fine 
holes pierced in a ring-shaped lead pipe, placed at a 
suitable height al)Ove the acid mixture, and in order 



to expedite the outflow of tlu'. ^dyccu’inc',, a-s a, rule 
it is necessary to use co;inpn',ss(‘(l air on account of 
the thickness of the Ikpiid. 

'The buildin/[![s in which tlai niirai.ion takers place 
^te constructed of li^dit l)(‘,aius and boardin^n a-nd 
surrounded with a lii^di wall of eartlu on oht^ 
hand to deaden the violencai of jiiuy possible (‘x- 
plosion, and on fchc^ otluvr haaid to ^iv<^th(^ workiiKUi 
an opportunity, in c.as(^ of tlin'.adtaud dan^n.r, to 
'seek safety at once. 





A. nitiatioii vc^ss(d ol an okha* paittcaai is shown in 
Fig. 8. The glycKii'iiie IIovvh Uirougli the pipt' S 
which can be closed liy iiHians ol' tlie stop-(;oel< U. 
The air-stirrer A is ])i(‘re(>(l at tlu; hottoiii with lioles 
like a sieve. Tlieaoid is then poiinul m thi-ougli M ; 
the thermoinetcirs 'I' enahl(i the hsuperature ""to lai 
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observed. The tap E serves for the purpose of 
emptying oif the finislied nitro-glycerine luixtuix^; B 
is the safety tap which projticts over tlie water-tank. 
For cooling purposes tln^ cooling coil, wliich is ])lainjy 
sliown in tlu^ drawing, is used. In addition the 
nitration vessel is surrounded witli a second jacket 
inside which cooling water is also circulated. As is 
already seen rrom tlui foregoing, two or more cooling 
coils are now uscal, and two or more compressed air- 
stinang devictis in case oiuj should suddenly hiW. 
Moreovei; the waste-cock ii can be dispensed with, 
and now only the sainty-cock S is employed in tlie 
manner indicatokl. 

A nitration apparatus of newer type, according 
to 0. (Tiittmainn, is arrangcHl as follows: the acid 
mixture, generally 450 kg. of sulphuric acid and 
‘250 kg. niti’ic acid i)er .100 kg. glycerine, is prepared 
in a large iron vessel. .I4rom liere it passes tlrrough 
a cooling ca,s(i into a storage receptacle or “ monte- 
jus,” and by means of compressed air it is tluvn 
forccvl into the nitra<ti()n vessel. These ap])aratas 
(big. 4), consist of a leaden vessel A, free from zitug 
wliich stands in a woodcm vat and is fitbxl with a 
numlier of air-supply pi|)es C, cooling coils 1), fuim^ 
or vapoin-discFarge jiipes therin()ineters hi, and 
admission jiipes for tlui acid (I, and for the glycerine 
H. The c.ovtvr (‘,an, be removcid, luit during the 
operation is nauhvrod aii’tight, hy means of ccuuent 
or linstHid oil ivutty. In th,e |npe tluvrc is a sjiy- 
glass insortcid. 4Mie liottom of the apparatus is 
inclined to one sidc^, and at the lowest extremity 
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there is an outlet with a clay tap. The panes of 
glass L serve for the purpose of enabling the opera¬ 
tions in the apparatus to be observed. It is placed 
over a pipe through which the whole contents can 
be quickly emptied into a large water-tank in case 
any danger of explosion should occur, or the tem¬ 
perature of the reacting mixture should rise con¬ 
siderably. 

In order to avoid this, cooling should go on con¬ 
tinually during the operation by means of water 
which flows through the cooling coils as well as 
through the space betwecui the leaden vesstd and 
the wooden vat. The glycerine is tlien poured d rop 
by drop into the cooled acid mixture, when th,e 
temperature should not exceed dO". hk)!.* tlie recep¬ 
tion of the glycerine the wrought-iron cylinder M 
with the gauge N is used, into which compressed 
air is introduced tlirougli (). It forces tlie glycerine 
through the pipe H to the bottom of the nitration 
vessel. Tlie resulting nitrous acid fumes escai)o 
through F, and th.e l)est plan is for th.em to be 
absorbed in a Lungc-KohrmaTin towcu’. 

When the niti'atioii is accomplished, tlie nitro¬ 
glycerine mixture flows to tlie separator, where it is 
allowed to remain for some time for th e purpose of 
separating the nitro-glycerirui from tlie acid. 

These separators are large, scpiare, funncd-shapcul, 
leaden vessels, on one side of whicli there is a 
glass window, and they are closed witli, a gdass 
cover. From tlie lowest side of this separator 
there runs a leaden pipe litted, with a clay tap and 
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a small pane of glass. On emptying, the waste acid 
first flows out; this passes through a funnel pipe 
into a conduit leading into the separating Irtiilding. 
As soon as the first drops of nitro-glycerine can be 
seen through the observation glass,—the separation 
can be carried out with great speed,—the tap is 
turned olf for a minute, and the funnel pipe moved 
to a tank partly filled with water, from which tliere 
is a pipe leading to the washhouse, and thci tap is 
again turned on. In this tank the sc'.parated but 
still very acid nitro-glycerine is poured into a lot of 
water, when again comjvressed air is usc^d for stir¬ 
ring. By this dispersion in water, any likely de¬ 
composition at this stage of the ])roduction is 
obviated. From here the raw nitro-glyci'-rine dis¬ 
persed in the water flows to the washliouse, wlierc', it 
is submitted to further purifying. ^JMiis is accom¬ 
plished by letting it flow into a leaden vat filled 
with cold water, stirred by air; after two or tlnxai 
changes of water and the use of hot watcu*, it is 
finally thoroughly neutrali^^.ed with, soda, and tlu^ 
now purified nitro-glycerine filtered. Gri^at care 
must be taken in regard to the entin'. edimination 
of the acid, for glycerine wliich is not e.omplettdy 
acid free may, though, perhaps only aftcir a timt‘., 
decompose and explode. 

For the separation of nitro-glycerin(‘. and wastes 
acid, the separating appai'atus shown in hh‘g. fi, p. i^dO, 
is used. It consists of a square, leaden vc^ssed, with a 
conically shaped base, supported by a strong wooden 
frame or stand A, B and 0 are cross ba,]‘s and 
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sheets of lead which close it from the top. Gases 
can escape through the pipe T>, which is fitted with 
an observation glass E. Through the cover a ther- 
inoiueter is fixed which dips into the liquid, and there 
is also a pipe K which admits the mixture coming 
from the nitration apparatus. The pipe at the 
lowest extremity is fitted with a spy-hole E and con¬ 
tinues in pipe G and is fitted with two or three 
taps H. 

When the nitration mixture is admitted, it re¬ 
mains standing for about half an hour, whereupon 
th(‘, nitro-glycerine flows through J to L in such a 
manner that only a little nitro-glycerine is floating 
on the waste acid. This is separated from the acid 
by means of the taps G and H. The nitro-glycerine 
is then washed in L and stirred with compressed 
air, introduced through N, and the washing water 
them flows away tlirough. M. 

The waste acids which have been separated from 
the nitro-glycerine are passed into the separator for 
lihc ])urpose of further extraction, where they are 
a.llowcd to remain undisturbed for a few days, in 
order that any residue of nitro-glycerine should rise 
to the surface, and be collected. In order to extract 
the nitric acid a denitrificator is employed, a four 
metre high cylinder with acid-proof stone lining in 
which the acid flows over pumice stone or coke, 
whilst from underneath air and water vapour are 
introduced. By this means the acid splits up into 
nitric acid of about 36” B6., and sulphuric acid of 
Be. which can be sold as waste products, 
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PROPERTIKS OF NITRO-OJjYCJERIN E. 

The theoretical yield of nitro-glycei’ilie would amount 
to 246*7 parts from 100 parts ol glycerine; in 
reality, however, only 210-215 parts are obtained 
according to the method of working. It was en¬ 
deavoured, therefore, to increase this yield, and several 
methods have been resorted to. Thus, according 
to the English patent 2776 of February 10, 1005, it 
is recommended to use the waste acids instead of the 
freshly prepared nitrating acids, only adding suflicient 
fresh acids to restore them to the original composi¬ 
tion ; thereby the yield is said to be increased up 
to 228 parts. According to the English ])atont 
1658 of March 10, 1906, Nathan and Rintonl, 
on the contrary, recommend as mucli as possible 
the use of water-free acids. They nitrate with a 
mixture composed of 2*8 parts of nitidc acid and 
8*4 parts of fuming sulphuric acid, when a yield of 
230 parts of nitro-glycerine results. According to 
Stiltzer, 100 parts of glycerine nitrated with a 
mixture composed of 2(H parts of sulphuric an¬ 
hydride, and 264 parts of nitric acid yield 222 parts 
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of nitro-glycerine, which is decidedly more than is 
obtained with the older method. 

The separation of nitro-glycerine from waste acid 
is often delayed by the separation of gelatinous sili¬ 
cates. It has been attempted to prevent the ap¬ 
pearance of this phenomenon by addition of various 
substances, such as paraffin, or fatty acids of high 
molecular weiglit (0-5 to 2 parts per 1000 of glycer¬ 
ine by weight) or by the addition of 0*00!2 per cent 
sodium fluoride. The sodium fluoride acts in such 
a manner that silicic acid is converted into silico- 
fluoride. 

Glycerine has three hydroxyl groups, so that it 
can form three nitrates, that is three nitric acid 
esters, according as all three or only two, or only 
one hydrogen atom is replaced by the NO., group. 
As ordinary nitro-glycerine, that is tri-nitro-glycer- 
ine, freezes easily and in its frozen condition is fairly 
susceptible to a blow, wlnle on the other hand, 
other glycerine nitrates do not possess this character¬ 
istic, and also in a liquid condition are less sensitive, 
they have been more in favour lately. Di-nitrate, for 
instance, as long as it is free from waler, does not 
become solid, even at the lowest winter tem])eratures, 
but it absorbs water from tlic air, and tlien also 
freezes fairly easily. 

Less sensitive and easier to produce is tetra-nitro- 
glycerine 


a,H,(0. NO,),\^ 
a,H,(0 . 

which is produced by nitration of di-glycerine. 
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Di-glycerine is produced by polymerization of two 
molecules of glycerine and the splitting off of one 
molecule of water. It is sufficient that to the glycer¬ 
ine to be nitrated 20-25 per cent di-glycerine be 
added, in order to obtain nitro-glycerine which will 
be sufficiently resistant to cold. 

By the nitration of chlorhydrin (see p. 14), di-nitro- 
mono-chlorhydrin, G.^H,C1(0 . which is not 

hygroscopic, can be obtained, and even at tempera¬ 
tures of - BC" it will not freeze. It is easily dis¬ 
solved in tri-nitro-glycerine, and an addition of 20 
per cent is sufficient to render the nitro-glycerine 
non-freezing under not too extreme circumstances 
(D.E.P. 183, 400). As di-nitro-mono-chlorhydrin 
is, moreover, much less sensitive than nitro-glycer¬ 
ine its use is more practical. Nitrated chlor¬ 
hydrin can be dispatched in quantities up to 200 
kg. by the German railways, whereas the trans¬ 
port of nitro-glycerine is altogether prohibited. 

Pure nitro-glycerine that is entirely free from 
acid and water, is a colourless, or at least a very 
faint yellow liquid, with, a sweetish burning taste, 
and odourless. The specific gravity of pure nitro¬ 
glycerine is Id). 

Nitro-glycerine is practically insolubles in water. 
With ether and methyl alcohol it is miscible in all 
proportions. Before tlie use of nitro-glycerine for 
dynamite in its non-dangerous state had been dis¬ 
covered the explosive oil was dissolved in methyl 
alcohol. In this solution the substance was deprived 
of its explosive qualities. By adding water it wa^^ 
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separated again from the methyl alcohol solution, 
with its usual ex})losive qualities. 

In cold alcohol nitro-glycerine dissolves but little ; 
on the other hand it dissolves well in this solvent at 
50" G. It easily volatilizes above lOO"" without do 
composition. In a pure state it does not easily de¬ 
compose. 

At " 15“ it thickens without congealing. Sub- 
joctcul for a time to a temperature ol; - 2“ it 
crystallizes. Even a temperature of 8“ C., if it 
acts long enough on the nitro-glycerine, can convert it 
into the crystalline state. It may be said that nitro¬ 
glycerine at temperatures o£ 8'’ to - 11“ C. passes 
from the liquid to the solid state, but in this respect 
various nitro-glycerines differ. Some nitro-glycerines 
at a temperature of~l2‘" C. re(|uire ten to fourtecm 
days before congealing, whereas others require more 
or less time.. 

If nitro-glycerine is submitted for some time to a 
temperature of ])ractically 100" C., it shows great 
resistance to congealing. Very minute particles or 
(|uantities of impurities suffice to delay or hinder 
crystallization. If nitro-glycerine is quickly con- 
geak'.d it ci.-ystallizes to a whitish-yellow opaque 
mass- 

The frozen explosives oil thaws again at about 11”. 
Ifor a long time it was presumed that on freezing, 
explosive oil expanded al)out ihth, whereas Mowbray, 
in the case of the nitro-glycerine produced according 
to liis method, ascertained a contraction of il^th of 
the original volume. Eecently, however, the density 
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of the Nobel liquid and solid nitro-glycerine has been 
found to be 1-599 and 1-735 respectively, which 
shows a contraction of This last fraction 

corresponds entirely with that obtained by Mowbray, 
and therefore the physical constitution of the Nobel 
explosive oil is identical with that of Mowbray. 

Explosive oil even in small quantities is poisonous. 
In this connexion Schuchardt has experimented on 
himself, and reports as follows: He swallowed a 
drop of nitro-glycerine and soon experienced giddi¬ 
ness and weakening of the sight, headache, lassitude, 
sleepiness and a strong, spicy taste and burning in 
his throat. An hour later, when by inadvertence he 
swallowed more nitro-glycerine, he soon noticed an 
increase in the symptoms. Then followed uncon¬ 
sciousness, giddiness, trembling, violent thr()l)l)ing, 
headache, and aversion to light; a feeling of cold 
was followed by a feeling of heat, nausea without 
vomiting ensued, but there were no cramps, and tlui 
following day no further effects of the nitro-glycerine 
were noticeable. 

Workmen who use nitro-glycerine for blasting 
purposes easily get headaches. This lias been ex¬ 
plained by the fact that nitro-glycei'ine ciasily pene¬ 
trates the skin, and so passes into the lilood. In 
order to avoid direct contact of tlui skin with nitro¬ 
glycerine the workmen are allowed to wear ruliber 
gloves, particularly in the jireparation of dynamite, 
but most of them find that tliese gloves hinder 
them in their work, and do not use them. 

As antidote to such nitro-glycerine poisoning. 
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l)lack coffee has been recommended, rubbing in of 
washing soda lye, and aqueous solution of hydriodic 
acid, which is said to decompose nitro-glycerine and 
reforms the glycerine. 

In order to detect the presence of the minutest 
particles of nitro-glycerine, it should be mixed with 
aniline and concentrated sulphuric acid, when if 
traces of nitro-glycerine are present a purple colour 
(uisues wliich turns green on diluting with water. 

PlxmosioN OF Nitro-Glycebine and the 
Eesulting Gases. 

Nitro-glycerine explodes when heated to 280° or by 
some violent shock, or, finally, by violent ap.d sudden 
pi’cssure brought about by the explosion of the 
strong fulminating preparations (fulminate of 
mercury) with which it fiinds itself in contact 
(NobeEs fuse cartridges). In each of the three cases 
it is heat alone, or work converted into heat, which 
brings about the explosion. If nitro-glycerine is 
canvfully warmed, then at about 100° decomposition 
s(its ill witli liberation of hyponitrous acid. It is 
stated til at nitro-glycerine can be volatilized entirely, 
when gradually lieated, without any explosion taking 
place. 

On heating, nitro-glycerine behaves as follows: 
at 185" it boils with evolution of yellow fumes, at 
194" slow volatilization takes place, at 200° rapid 
volatilization, at 218” strong combustion, at 241° 
(slight) detonation, at 257” strong detonation, at 287° 
weak detonation, with flame. At red heat the nitro- 
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glycerirle volatilizes without detonation, because it 
passes into the so-called spheroid condition. 

A very important characteristic of nitro-giycerine 
iis that the temperature at which it explodes does not 
coincide with its ignition teniperature, but is inucli 
higher. Therefore nitro-giycerine (in contrast to 
gunpowder and flocculent gun cotton) belongs to the 
indirect explosive substances. This (juality is of 
the highest practical importance; and it is tlianks 
to this quality that explosive oil at ordinary tempera¬ 
tures when ignited burns with difficulty but never (ex¬ 
plodes. It has burnt out before it lias reached 
explosion point. Therefore there is scarcely any 
danger when nitro-giycerine ignites, provided that 
not too great quantities of explosive oil are attacked 
by fire. ‘ 

In the case of direct ignition nitro-giycerine as 
already stated does not explode. During some ex¬ 
periments which Nobel conducted in the presence of 
several scientists at Stora Ahlby in Bweden in IHOT) 
nitro-giycerine could not be ignited by touching tlie 
surface with a red-hot iron bar; ignited with a. chi]) 
of burning wood it burned with dame but without ex¬ 
plosion, and the flame died out immediately the wood 
was removed. If explosive oil is submitted to gradu¬ 
ally increased, and finally very strong pressure, ap])ar- 
ently it does not explode. On the other liand it 
explodes each time in the case of sudden strong 
pressure, for instance a heavy l)low. But the ex¬ 
plosion of the portion subjected to the pressure do(^s 
not communicate itself to the remainder ol: the mass. 
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When atEennkoppel near Hamburg in March, 1866^ 
Nobel shook some drops of nitro-glycerine on an 
anvil and had it violently hammered’, only the nitra- 
glycerine that came in direct contact exploded with 
a loud report, but the explosion did. not extend-. A 
small bottle containing nitro-glycerine can be thrown 
against a stone in such a manner as to break, but the 
preparation will not explode. 

Formerly there existed the erroneous opinion that 
frozen nitro-glycerine was more susceptible to blow 
or shock than the liquid nitro-glycerine. The fact 
is, however, as exhaustive experiments have proved, 
quite the contrary. Simple reflection proves that 
according to physical laws this must be so. 

The blow or pressure to which nitro-glycerine has 
been submitted is converted into heat, just as any 
checked motion or movement is converted into heat 
(compare, for instance, the heating of a wheel, when 
the brake is applied to a train). The blow or 
pressure administered to the nitro-glycerine must 
therefore be sufficiently powerful to raise the heat 
of the nitro-glycerine up to 180'" (its explosion 
temperature). In order, h,owever, to heat frozen ex¬ 
plosive oil to ISO" it is evident that more heat is 
necessary than would be required in tlie case of a 
similar weight of liquid nitro-glycerine to bring it to 
the same temperature. For as regards frozen nitro¬ 
glycerine heating for melting pxirposes must be ap¬ 
plied, in a word the .frozcm nitro-glycerine must first 
of all be supplied with its latent heat of fusion. In 
this connection all practical experiments tally. 
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Quantities of fulminating mercury, which certainly 
cause explosion of liquid nitro-giycerine, leave 
crystallized nitro-giycerine* unaltered- Moreover, 
solid and liquid nitro-giycerine were placed in a thin 
layer on a fiat anvil of Bessemer steel and a wrought- 
iron hammer was allowed to fall.on the anvil. In 
this instance the average drop for detonation of the 
liquid nitro-giycerine was 0*78 m., whereas frozen 
nitro-giycerine only exploded at a drop of 2*18 m. 

In any case frozen explosive oil should never be 
touched witli sharp and pointed instruments, and 
should always be thawed in dynamite-heating or 
similar apparatus by the use of hot, not boiling water. 
If nitro-giycerine is not absolutely pure, very often, 
as in the case of impure gun cotton, spontaneous 
decomposition takes place, which may easily cause 
explosion. Then glyceric acid and oxalic acid are 
formed (by oxidation). At the same time the nitro¬ 
glycerine in process of decomposition turns green, 
and forms nitrous acid, nitric oxide, and carbonic 
acid. As nitro-giycerine is generally kept in well- 
closed bottles, the gases resulting from this spon¬ 
taneous decomposition cannot escape, and therefore 
exercise great pressure on the nitro-giycerine. Under 
these circumstances the slightest blow or shock is 
sufficient to cause explosion. 

As to whether such a decomposition is in progress 
may be known by the reddening of blue litmus pa])er 
dipped into the nitro-giycerine. 

If explosive oil should exjdode in a closed room, it 
exercises very violent pressure. This is to be at- 
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tributed to the considerable quantity of explosion 
gases which develop, as well as to the high combus¬ 
tion temperature caused by the explosion, when the 
gases expand to about eight times their original 
volume. 

According to the experiments of Sarrau and Vieille, 
nitro-glycerine during explosion decomposes in the 
following mannei;:— 

20 . 511,(0 . NO,), - 600, -f ()N + 511,0 + 0 
1 grni. nitro-glycerinG liberates therefore:— 

295 c.c. carbon dioxide 
147 c.c. nitrogen 
25 c.c. oxygen 

at 0° filial 700 mni. barometric pressure; conse¬ 
quently there results 407 c.c. permanent gases. 
Tlie gas pressure amounts to 10,000 atmospheres. 

In order to lower the sensibility, and at the same 
time to avoid the disadvantages connected, with the 
use of liquid explosive substances, it is generally 
used in the form of Guhr dynamite or explosive gela¬ 
tine. 

In the former case the action is less than that of 
the corresponding weight of jpure nitro-glycerine, in so 
far as the non,-gaseous mineral substance absorbs a part 
of the liberated heat given off during the explosion. 
A further lowering of the explosion temperature is 
obtained by mixing with the dynamite salts con¬ 
taining water of crystallization, such as soda crystals 
or Glauber's salts. Such preparations offer relative 
security against the couirnunication of lire to fire- 
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damp or coal dust, and. are used in mines under the 
name of Wetter dynamite. 

In the second case by the production of explosive 
gelatines, the duration of the time of gasification is 
extended, which at the same time .results in heat 
losses; whether this loss is counterbalanced by the 
fact that the nitro-cellulose completely burns the 
nitro-glycerine at the expense of the surplus oxygen 
must for the time being remain in abeyance. 

In the technics of explosives nitro-glycerine has 
been applied in several ways; the first explosive 
preparation used by Nobel was constructed in such a 
manner that cartridge cases of sheet zinc, the dia¬ 
meter of which was somewhat smaller than that of 
the bore hole, were filled with gunpowder and so 
much nitro-glycerine was poured on it as would 
find room between the grains of powder. When 
the cartridges had been sunk into the bore hole they 
were covered with a layer of powder 22 mm. high. 
The charge was ignited by means of a quick match 
or percussion cap. 
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DYNAMITE. 

The manifold drawbacks connected with the use 
of nitro-glycerine in the liquid state, and particularly 
also the endeavour to render the manipulation of the 
explosive oil less fraught with danger by mixing it 
with a non-active solid component, have resulted in 
the explosive oil being absorbed by porous, solid sub¬ 
stances, and being employed in this new form under 
the name of dynamite. 

Formerly under the designation dynamite only 
that preparation was understood that was obtained 
by the absorption of explosive oil by kieselguhr 
(kieselguhr dynamite No. 1). 

At present dynamite applies to any explosive sub¬ 
stance impregnated witli nitro-glycerine, the nature 
of the absorption substance being immaterial. 

Kieselguhr is erroneously designated infusorial 
earth, as formerly the diatoms of which it consists 
were considered to be infusorial plates, whereas they 
sjvring from a genus of plant to which algae belong. 
They are surrounded with a very strong silicic acid 
coating, and under the microscope the .form is that 
of a ^ dish, a boat, or a pipe. The appearance of 
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kieselguhr is like that of floui; and it is also simila-r 
to the touch; in a pure stat(‘. tlio (iolour is wliih'., 
generally, however, owing to diHeiuait iiu[)uriti(^s, it 
is either yellowisli, reddish, or grtuuu’sh. lUdori'. 
being used for the production of dynaanite tli<^ 
kieselguhr is roasted in order to d(^stroy a,ny orga,nic. 
matter that may cling to it, and it is tlum (uaislu'd. 
The l)est kieselguhr conies from tln^ proviiHa^ of 
Hanover. 

The fairly extensive class of dynaanihis may be, 
divided into two distinct groups, nanudy, dynaaniti^ 
with chemically non-actives absorbing ina,t(sria.l, and 
that with chemically-actiVO absorbing matta-ial. d’o the 
former really only kieselguhr dynamite No. 1 ludongs. 
The silica which contains the absorlnsd (explosives oil 
has no chemical action on tlu'. nitro-glycaerinte or its 
explosion gases, in the cjise of an (explosion of dyna¬ 
mite No. 1, but remains on tlie (;onl;ra.ry aai (entir’<ely 
unaltered product of the explosion. 

It is cjuite a different inatt(er in thte (ea^sie of dyna. 
mite with a chemic-jilly active absorlxent. ddue 
latter under all (unaimstamues with its (dHeniical 
components participates in tine (e.xplosion, and by its 
co-operation alters the (^omiiosition and ac.tiv{e powter 
of the (explosive gascis of tlue nitro-glNaeterirue. 

Dynamite with cdiein.ic'iaily aediivee ahsorlxenL often 
has the eflect of rcetarding tlui too ra})id (explosion of 
explosive oil, or dynamite No. 1, and of c.onvaerting 
the violent blasting action of tine iexplosiv(e gas(es of 
the nitro-glycerine into a more driving or pushing- 
action. At the same time many of tlue kiuds of 
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clynaiaite are lesfi dangerous to handle than dyna¬ 
mite No. 1, because they contain far less explosive 
oil than the latter. But owing to the fact, however, 
tluit the chenucally active absorbent causes complete 
combustion oE tlie dynamite, it results that many of 
tlresc^ dynamites with a similar amount of nitro- 
glyc-erine in the cartridge are more efficient than 
dynamite No. 1. 

.1 )yna,mites with, chemically active absorbent can 
again l)e divided into three classes, and can be de¬ 
signated as follows;— 

])ynamite, containing as ingredients kiesel- 
gulu' dynamite (containing nitro-glycerine) and a 
kind of gunpowder mixture. To this class belong 
lA/h()fr(iktc(ir which may be conveniently said to 
b(^ (‘.omposed of dynamite and barium nitrate-gun- 
powdcn.*, further ZioZo/uai powder, a dynamite which 
is now no longer in use, which consisted of nitro- 
glycavi.-ine absorbed by a kind of explosive powder 
mixture, and finally Brains explosive powder —a 
sulpluu* free powder-like mixture containing absorbed 
iiiti’o-glyc(vrine. 

2. Dymimite, the absorbent of which is wood sub- 
stanccg or nitrated wood substance. To this class 
belong lAgnose (wood fibre impregnated with nitro- 
gly(i(n-inc), Dualin (nitrated saw-dust impregnated 
with nitro-glycerine), cellulose dynamite (a specially 
f)i:(ipar(ul wood material steeped in nitro-glycerine), 
as also dynivniites 2, 3, and 4 (a mixture of boring 
(lust and saltpetre or similar substances, impregnated 
with nitro-glycerine). 
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3. Dynamite, containing gun-cotton, collodion 
cotton, and nitro-glycerine. Hero we have gun¬ 
cotton dy 7 iainite and cxplodve gdaMne (gelatiiui 
dynamite). 

Of all these different dynamites tlu^ most import¬ 
ant are only: Kieselguhr dynamit(^ I, dynamites‘2, 
8 and 4, cellulose dynamite, explosive gcdatine, 
and lithofrakteur. 

{a) Dynamite with GHTiMioATiOY NoN-A<rrrvE 
AnsoimHNT. 

Kieselguhr Dij^icwnite .—It is said tliat cjiancu^ led 
Nobel to the very important discoviiry of this dyna¬ 
mite, For some time infusorial (^arth. Iiad luum 
used for packing the tin cans containing tlui ex¬ 
plosive oil; one of these ran over, and thd ])ro])t‘.rties 
of the infusorial earth were observcid, and (‘.xpcvri- 
ments confirmed that the explosive action of tlu^. 
nitro-glycerine was entirely preserved, but on the 
other hand the explosive propertic'.s eonHid(‘,rab]y 
diminished. 

According to other statements, liowevcjr, the dis¬ 
covery of dynamite is to be attributed to tlie mine 
inspector Schell at (Trund near Klaustal, in the 
Hartz, who first used nitro-glycHU’iiu'. mixed with a 
light porous earth, which absorbcul it. Ifowc'-vcu* 
this may be, Nobel in any (sasc^ first introdmuMl it 
into technical blasting. 
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The infusorial earth'used as absorbent for nitro- 
^Hycenno is found in many places, but that occur¬ 
ring in an extensive layer near Oberobe (province of 
Hanover) is particularly fine and suitable for the 
manufacture of dynamite. 

''riie drawbacks of infusorial earth for the manufac¬ 
ture of dyjiamite are the moisture contained, organic 
matter, and coarse grains. In order to remove the 
two first the infusorial earth is heated' to redness. 
It is placed in a furnace or stove containing four 
supcir-imposed trays, in which the infusorial earth is 
gradually shifted from the upper to the lower. In 
order to remove the coarse grains the heated in¬ 
fusorial earth is crushed by hand rollers, and shaken 
tlirougli a sieve which retains any remaining coarse 
grains. 

Th,a mixing of the nitro-glycerine usually takes 
place in the same shed in which the plant employed 
tor the. final deacidifying of the nitro-glycerine is 
housed. One hundred and fifty kg. of explosive 
oil is pourcid over 50 kg. of infusorial earth con- 
faiucul in flat wooden cases, and the workmen 
kiuiad this mass with their naked hands. As nitro- 
glyccvrine easily penetrates into the skin, the work- 
nuiii wer(i given rubber gloves to protect them 
against the poisonous effects of the nitro-glycerine. 
Tlu\y, however, soon dispensed with the gloves, find¬ 
ing it easier to work with their bare hands. In half 
an liour’s time the mixture is ready. The mass is 
then placed on an iron wire sieve, the meshes of which 
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are about 1 nim., and pressed through the holes of 
the sieve by hand. This is now kieselguhr dyna¬ 
mite which only needs to be placed in cartridges. 

The dynamite cartridges are small cylinders con¬ 
taining pressed dynamite enclosed in strong parch¬ 
ment paper. Three kinds of dynamite cartridges 
exist, (1) ordinary dynamite cartridges of 3-10 cm., 
long and 3 cm. diameter ; (2) fuse cartridges, 3 cm. 
long and 3 cm. diameter; (3) fuse cartridges for 
frozen dynamite. 

The first-named cartridges generally have tlieir 
paper covering removed and are forced into tlie bore¬ 
hole. The fuse cartridges serve for the reception 
of the percussion cap, that is the quick .match which, 
is contained in the percussion cap. The cartridges 
of frozen dynamite, in addition tomrdinary dynamite, 
contain a mixture of saltpetre and rosin or of potas¬ 
sium chlorate and antimony sulphide or similar in¬ 
gredients, which are first ignited by the percussion 
cap, and these cause the frozen dynamite to explode. 

The moulding of the cartridges is accomplished 
as follows : about 5 kg. of dynamite are placed in a 
linen receptacle open at the bottom and tbere con¬ 
nected with a funnel-shaped brass device. A piston 
reaches into this, the upper part of which i)enetrates 
the linen sack and can be moved up and down l)y 
means of a lever. At the liighest position of the 
piston the orifice of the funnel remains open, so 
that the dynamite can enter, and then when the 
piston is lowered into the funnel, and the pipe steel 
piece connected therewith is pressed down, it comes 
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otit underneath in the form of a solid cylinder. The 
upper edge or border of the linen sack is connected 
with the lever of the piston, which therefore shakes 
it up and down. Moreover, wooden valves are fixed 
to the sides of the linen sack whiclv are also connected 
with tlie lever, and sliake tlie bag to and fro. So tlie 
dynamite is moved along continuously as the piston 
is worked up and down. 

The pipe screwed to the bottom of the funnel is 
of the same diameter as the dynamite cartridges. 
When by the movement of the piston lever this pipe 
is quite filled, the corresponding sheet of parchment 
is rolled round and the parchment cylinder placed 
under the mouth of the pipe. A further movement 
of the piston lever brings along tlie dynamite cylinder 
which takes the parchment case. 

As a rule a dynamite factory has ten smaller 
cartridge sheds in each of which two macliines and 
two men are working. Each cartridge shed is sepa¬ 
rated from tlie other by a wall of earth, of 4 metres. 
Often there is a c()m])lete reserve factory built, in 
case those working are partly or entii.'ely blown up. 
The sheds are lightly l)uilt of wood and the roof and 
side walls lined with, straw, so that in winter the 
temperature can easily be maintained at 15". The 
light comes in from outside, and tlie floor is of loose 
fine sand. 

The danger connected with the manufacture of 
dynamite is the mixing of the infusorial earth with 
the explosive oil, as well as the forcing of the pre¬ 
pared dynamite into the cartridge moulds. Unfor- 
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tunately accidents are not an exception in connection 
with this operation. It may, however, confidently 
be said that the greater number of the explosions 
would not have occurred had the necessary care been 
exercised. It is just the relatively great lack of 
danger with which dynamite may be handled that 
only too easily inspires tlie ignorant workmen witli 
a feeling of security. Only too frequently dynamite 
is handled with the utmost carelessness, or rather mis¬ 
handled, and it is really wonderful that explosions are 
not more numerous. Only the most careful enlight¬ 
enment as to the explosive characteristics of dyna¬ 
mite, the most accurate instructions as to its 
manipulation, and absolute severity in case of any 
infringement will in future help to prevent these 
explosions. 

The Propeeties op Dynamite. 

Dynamite is a dough-like, plastic mass of 1-4 
specific gravity of a yellow reddish colour, and greasy 
to the feel, and odourless. It consists of about 75 
parts of nitro-glycerine and 25 parts kieselguhr. 

Dynamite can only be made to explode by means 
of explosive substances, percussion caps, red-hot 
metals, sudden heating to a high degree, or by a 
violent blow or shock. Coming into contact with 
light, a match or burning fuse, it burns without ex¬ 
ploding just like damp paper. The reason for this 
is that dynamite in common with all nitro-glycerine 
preparations belongs to the indirect explosive sub- 
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stances, because its explosion temperature is con¬ 
siderably higher than its ignition temperature. 

The kieselguhr of the dynamite retains the ab¬ 
sorbed nitro-glycerine so tenaciously tliat even strong 
pressure will not force it out. The reason why 
such a considerable addition of kieselguhr to the 
nitro-glycerine should diminish the explosive action 
to such a slight degree is that this admixture does 
not disturb the uninterrupted cohesion of the explo¬ 
sive substance. The detonating fulminating mercury 
in the percussion caps, surrounded by such a mixture, 
is at all points in contact with a portion of the 
nitro-glycerine without the cohesion of this latter 
substance being disturbed. Therefore, the detona¬ 
tion spreads througli the mixture with as much ease as 
if the liquid were not mixed with such a substance. 
If, however, a solid, inert body is mixed with a 
similar solid, finely distributed, explosive substance, 
then the development of the explosion, or its rapid 
transmission is checked, owing either to reduction in 
the contact between the detonator and the substance, 
the explosion of which should be effected by the 
former, or to the resistance offered by the interven¬ 
ing non-explosive particles to the rapid spreading of 
the explosion, or to both causes. Thus, for example, 
the easy explosion of fulminating mercury is con¬ 
siderably weakened if mixed with a non-active, fine 
powder such as Spanisli, white. 

Brought in contact with fire or glowing bodies, 
dynamite even in quantities of several kilograms burns 
without exploding if it is not packed into too tight 
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casings. Temperatures under G0° C. even of 
longed duration have no detrimental etfeet on dyna¬ 
mite. It can, therefore, be exposed to tlie heat ol* 
the sun without risk of injury. 

On coming into contact with the mucous numn 
brane of the nose or the mouth dynamite', can causes 
very violent headache; precautions sliould tluircforc^ 
be taken against such direct contact whicli is all t,lu^ 
more easy as the dynamite is supplied jaicked up in 
cartridges. 

Through violent concussion between hard bodices, 
dynamite will explode; on the otlier hand oven violent 
blows of wood against any substratum will not caust'- 
it to explode. If dynamite is placed on an anvil only 
the most powerful hammer blows will (‘.ause the c^\- 
plosion of the parts directly in contact witli it. In 
general, therefore, dynamite is a harmless substancu^ 
to manipulate. However, its sliglitly dormant, 
highly explosive power should constantly ))e boi-no in 
mind, and the greatest care sliould always l)e cix- 
ercised when handling it. 

A well-known peculiarity of dynamite is i.liat 
preferably it only exercises its tremendous powcu* ou 
the nearest surroundings, namely, a solid suhstnitum. 
An example of this is given at the Banmudsboj-gcu’ 
Mining Works in connection with the advaintag(U)us 
breaking up of the blocks of iron pyrites resuli.ing 
from the blasting operations. A dynamite cai-tridgv, 
is placed upon the upper surface of such a blocJv of 
ore, thickly covered with damp clay, and tluvn ignittul. 
The downward pressing force of the ex])l()ding dyna- 
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mite shatters the mass, or loosens its cohesion in 
such a manner that it is easily broken, or completely 
blasted by a second charge of dynamite. 

At temperatures under 8° the nitro-glycerine in the 
dynamite freezes, and the latter congeals or hardens. 
Frozen dynamite is thawed in the same way as 
frozen nitro-glycerine and the same precautionary 
measures must be taken. 

Frozen (that is entirely, not partly, frozen) dyna¬ 
mite is less sensitive to blow, shock, shot, and heat 
tlian non-frozen dynaiiiite. The reasons for this are 
of course the same as in the case of frozen nitro¬ 
glycerine. 

The relative lack of danger connected with the 
manipulation and transport of dynamite lias been 
proved by several experiments. Of these we only 
mention the l)etter known Swiss experiments of 
Bolley, Pestalozzi and Ivundt. These experiments 
were also undertaken with a view to determining 
the force of the shock necessary to cause ignition. To 
this end metal cartridges in whicli the explosive 
substance was closely packed were shot out of an 
air,-gun against a horizontal wall m. distant. 
The thinly incased cartridges exploded, those with 
thick cases did not, very likely owing to tlmir. lesser 
initial velocity, li’h.is was ascertained at 40 m. per 
second. With a Bickford fuse not even ignition was 
obtained. 
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Applications of Kieselguhr Dynamitj^l 

The advantages of dynamite as an explosive over 
black powder consist in the far simpler and more 
rapid manufacture of dynamite, in the economy 
effected in time, money, and labour, and in. tlie 
greater availability of dynamite, for example in blast¬ 
ing damp rock or without the necessity lor tamping. 

For blasting operations under watcu.*, waterproor 
casings for the dynamite cartridges are necessary. 

No other explosive has attained anything like 
such a wide application as dynamite in its different 
grades (dynamite 1, 2, 3, and 4). In civil practice 
it is used for the blasting of stone, wood, ice, iron, 
masonry, for loosening the soil in agriculture and 
horticulture, as well as for the removal of stumps of 
trees in forestry. 

In warfare it is employed for the destruction of 
cannon, masonry, palisades, as well as for sulimarine 
blasting, as filling for sea mines and torpedoes, in so 
far, in the latter case, as compressed gun cotton is 
not used. 

The violent shock produced by the explosion 
under water stuns the fish for some distance round, 
and they collect on the surface of the water. 

This was taken advantage of during the siege of 
Paris to carry out fishing on a large scale. Also 
poachers more often than not make use of this very 
convenient method of illegal fishing. 

Kieselguhr dynamite No. 1 is up to the present 
about the only representative of dynamite witli 
chemically non-active absorbent. 
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Prepared calcined clay has also been recommended 
as a substitute for infusorial earth. English china 
clay, at present being exported in large quantities to 
the Continent (to paper and stoneware factories), is 
particularly suitable for this purpose. If this clay, 
similar to kaolin, is gently heated and then finely 
ground, it is by no means inferior to infusorial earth, 
as an absorbent, in fact it is oven superior on account 
of its alkaline properties. This small amount of 
alkali would at once bind, the acid resulting from the 
decomposition of the nitro-glycerine, that is it would 
render the decomposition harmless. Moreover, by 
the application of heated clay in many cases the 
often very distant transport of infusorial earth would 
be avoided. In order, however, to distinguish this 
kind of dynamite from the ordinary kieselguhr dyna¬ 
mite it should be called. clay dynamite Boghead 
coal ash has also been recommended as an absorbent. 

ih ) Dynamite with Ghemioa.lly Acting A.bsorbent. 

Here we have, as has already been mentioned, 
lithofrakteur (Kolonial powder), Brain’s explosive 
powder, lignose, dualin, cellulose dynamite, dyna¬ 
mites Nos. 2, 3 and 4, gun-cotton dynamite and 
gelatine dynamite (explosive gelatine). We will dis¬ 
cuss these explosives in their order:— 

1. Lithofraktxur .—Very incomplete and often 
erroneous statements have been made witli regard 
to this explosive substance discovered by Krebs 
Bros. & Co. and manufactared in Cologne, and which 
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in its action is practically similar to kieselguhr 
dynamite. 

Krebs’ litbofrakteur contains in lOO parts 55 
parts of nitro-glycerine, and although this is 20 
parts less than in kieselguhr dynamite, yet, in 
spite of this, the explosive power of litbofrakteur is 
greater than of dynamite No. 1 on account of tin', 
entire burning of the nitro-glycerine and the presence 
of other mutually reacting chemical substances, whicli 
in an explosion develop a very high temperature and 
a large quantity of highly expanding gases. Owing 
to the nature of these substances and the complete 
burning of the nitro-glycerine in the lithofrakteur, 
these gases consist only of carbonic acid, hydrogen, 
water gas, and a trace of sulphurous acid; they arc 
free from steam-vapour and in no way injurious to 
health, neither do they dim the light of the lamps 
in the mines. 

The 45 parts other than nitro-glycerine which 
compose lithofrakteur contain only 21 parts of 
infusorial earth and 24 parts of other absorbing 
substances which not only keep the nitro-glycerine 
in suspension, but in the case of an explosion are 
almost entirely converted into gases of high temper¬ 
ature and dilation. 

These substances are carbon, prepared bran, pre¬ 
pared sawdust, barium nitrate, sodium sesqui-carbon- 
ate, manganese, and sulphur. They are chosen in such 
proportion that in an explosion they develop the 
highest temperature and largest quantity of gas, and 
the following points of view are considered : Char- 
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coal, prepared bran and prepared sawdust, free from 
resin and mixed with saltpetre, are not only good 
absorbents for nitro-glycerine, but in an explosion 
they are completely transformed into carbonic acid 
and water vapour owing to the surplus oxygen. 

The small addition of sulphur is also converted 
into gas, sulphurous acid, whereas the barium nitrate 
and manganese at a high temperature give off a large 
quantity of free oxygen which effects the entire 
combustion of nitro-glycerine, carbon, bran, sawdust 
and sulphur, and causes the highest possible temper¬ 
ature. 

Finally, the addition of a small quantity of sodium 
sesqui-carbonate has a twofold object. In the stor¬ 
ing and manufacture of lithofrakteur this acts as a 
protection against spontaneous combustion, which 
would be possible in the case of nitro-glycerine, 
wliich through carelessness might not be quite free 
from acid, because such traces of acid would be 
neutralized by the presence of the sodium sesqui- 
carbonate. Further, if lithofrakteur is ignited, the 
sodium sesqui-carbonate is decomposed into free car¬ 
bonic acid and caustic soda owing to the great heat 
resulting from the explosion, whereby the quantity of 
dilating gases and power of the explosive substance 
are considerably increased. 

On setting fire to a litliofrakteur cartridge in the 
open air, not the slightest trace of smoke is to be ob¬ 
served, neither is any odour perceptible. Litho¬ 
frakteur burns evenly with an orange-yellow flame 
and leaves a gritty, grey ash. 
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This ash treated with water and filtered shows 
only a weak barium reaction, a proof that the barium 
nitrate (soluble in water) contained in the litho- 
frakteurhas been completely decomposed onburniu^^, 
barium silicate being formed, and the nitrogen oi' 
the nitric acid in the original barium nitrate ban 
been liberated and has exercised its expansive power. 

Moreover, there is no sulphur compound to he 
found in the filtrate. On treating the residue witir 
hydrochloric acid there is no development of car¬ 
bonic acid; a very faint reaction for sulphuretted 
hydrogen is perceptible. The small amount of 
sulphur has also been dissipated. 

The remaining organic substances have, on burn¬ 
ing, partly hastened this decomposition, and owing 
to the formation of their own gases have advan¬ 
tageously increased the explosive power of the ex¬ 
plosive substance. 

If the composition of lithofrakteur is more care¬ 
fully examined, it will he found to contain practi¬ 
cally the same substances as in black powder, mixed 
with dynamite. Instead of the potassium nitrate in 
the powder, barium nitrate is in this case substituted. 
The remaining substances supply the carbon, yvhile 
nitro-glycerine and infusorial earth (ingredients of 
kieselguhr dynamite) make up the other part of 
the explosive. 

Lithofrakteur can, therefore, be considered as a 
connecting link between powder and dynamite, and it 
is so indeed. On the one hand it possesses in an ex¬ 
plosion the driving force of gunpowder, and on the 
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other hand the shattering force of dynamite, and for 
these reasons it is in all cases preferable to the other 
two when a more Iieaving and shattering than crush¬ 
ing action is desired in rock blasting. The develop¬ 
ment of gases during the burning of lithofrakteur 
is slow, and acts without any loss of power through 
some distance on the resistance offered it. 

Lithofrakteur is highly insensitive to strong 
pressure and sliock. A bullet shot through a 
lithofrakteur cartridge does not cause ignition. A 
bombshell charged with 330 g. was fired off and on 
striking did not burst. A tin containing kg. of 
lithofrakteur was sliattered on falling from a height 
of 50 in., but did not explode however. On the 
other hand lithofrakteur exploded by a heavy blow 
of iron on iron. 

According to Luckow, the best quality of litho¬ 
frakteur should have a capacity of six or seven times 
the amount of gunpowder. Experiiuents which 
were carried out with dynamite and lithofrakteur 
showed the following results :— 

A cartridge cliarged with 1^0 g. of lithofrakteur and 
ignited indicated on the Brisanz meter 12-'25", and 
a cartridge charged with 20 g. dynamite 14’50". 
Anotlier ca,i-ti*idge with 20 g. dynamite (with, 75 per 
cent nitro-glycerine) indicated 14-50", on the other 
hand a cartridge of lithofrakteur of 27-25 g., that is 
with the same nitro-glycerine contents, indicated 15" 
on the Brisanz meter. 

The greater action in the case of lithofrakteur 
with tlio same amount of nitro-glycerine in tlie 
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cartridges, must therefore be attributed to the other 
added substances, whereby evidently lithofrakteur is 
distinguished from dynamite. 

More often than not it has been observed that 
dynamite cartridges, particularly when they are long, 
only explode partly so that the lower part which is 
further from the percussion cap remains unburnt; 
or in blasting operations without a bore hole with 
loose tamping, part of the cartridge is hurled away 
without exploding and is, therefore, without effect. 
This has not been found to occur in the case of 
lithofrakteur owing to the easily inflammable sub¬ 
stances dispersed throughout the whole mass, and 
its not too rapid combustion. 

A further advantage of lithofrakteur over dyna¬ 
mite is that in damp and rainy weather, when ex¬ 
plosive material must be used without casing, it can 
always be made explode whereas in a similar case 
dynamite sometimes fails. 

Another composition of lithofrakteur is given as 
follows:— 

54‘5 parts nitro-glycerine, 14-75 parts barium 
nitrate, 2 parts manganese, 2 parts soda, 2 parts 
boring dust, 1 part bran, 7 parts sulphur, and 1C *75 
parts kieselguhr. 

2. Kolonial Powder .—In the same way as litho- 
Irakteur may be considered as a kieselguhr dynamite 
mixed with ingredients of gunpowder, so kolonial 
powder is a somewhat modified form of black powder 
mixture impregnated with nitro-glycerine. 

Kolonial powder was introduced into commercial 
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use by Wasserfuhr, of Cologne. Freshly manu¬ 
factured, it gave splendid results. After experiments 
at Bonn the preparation, under favourable circum¬ 
stances, was said to have an action five to six times as 
strong as ordinary powder. On being put by for some 
time it was found that the nitro-glycerine separated 
and thereby its use was attended with danger. B^or 
this reason it has not been manufactured for many 
years now. 

3. Brain's Explosive. Powder .—This powder is the 
invention of the Fjnglish mining engineer, W. B. 
Brain, and consists of GO per cent of a composition 
consisting of potassium chlorate, potassium nitrate, 
charcoal, and oak sawdust and 40 per cent of the 
same explosive oil. 

The force of this explosive may be taken as 25- 
30 per cent greater than that of a similar weight 
of dynamite. It is characteristic of this explosive 
that its action increases in proportion as the resist¬ 
ance and hardness of the material to be blasted in¬ 
crease. In the basalt cpiarries its action is a 
tremendous one, as experiments in the Adrian basalt 
quarry near Oberkassel in the Siobengehirgci have 
proved. On the other hand its action in Ijoess is 
very sliglit as the mass is too loose a,nd soft. Ignited 
with a quick match but without a percussion cap, 
the powder burns quickly with a red fairly smoky 
flame but without exploding. 

4. Lignose ,—Whereas the three kinds of dyna¬ 
mite which we have been discussing may well l)e 
considered as mixtures of nitro-glycerine with chemic- 
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ally acting absorbent, that is dynamite wiib sonu;- 
what modified components of Idack powder, tlu‘- 
following kinds of dynamite are mixtures of wood 
substance, that is nitrated wood substance with, nitro¬ 
glycerine to which sometimes an oxygen can’icn*, (‘..g. 
saltpetre, is added. Lignose is wood fibre ini] )i'(^gnat(‘(l 
with nitro-glycerine. It was invented l)y J->iu;on von 
Triitzschler-Falkenstein in Muggelsheim lU'.ai* Kh')- 
penik. 

5. Dimlin .—This was invented by Dittman* and is a. 
mixture of nitro-glycerine with sawdust, or wood 
material from paper factories, previously trcuittul witli 
a mixture of nitric and sulphuric acids, or only im¬ 
pregnated with a solution of potassium nitrates. 

Dualin is a yellowish brown powder wit.h a sjas 
eifle gravity of l-0‘2. In the open air it biiiMis witli- 
out exploding. Yet it is more sensitive to blow, 
shock, and fire than dynamite and lithofrakt(Uu;. In 
particular it was observed tluit on boring out th(^ 
cartridge for the purpose of inserting the })cu’(.uission 
cap accidents occurred. Now special fuse cartridge's 
are supplied which are hollowed out for the reu'.epiion 
of the capsule. 

Ignition of dualin is best obtairuid l)y nu^iins 
of a strong percussion cap, but in a dry ])Iac(‘. and 
with solid tamping a fuse would bo sufficient. 

Dualin cartridges are covered with waten--glass in 
order to protect them against damjr 

The disadvantages of dualin as comjiareul with 
dynamite consist in the greater danger attcinding its 
manipulation and its lesser specific gravity, tlu^ 
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charges taking up much more space, and accordingly 
the bore holes have to be made much wider. Also 
wood fibre is not such a good absorbent as kieselguhr 
and therefore stronger cases are necessary. 

Sebastin and serranin explosives are, probably, 
similar mixtures to dualiu. 

6. Celhdose Bynamitc .—This was invented by the 
former K.K. Austrian Engineer-in-Chief J. Trauzl, 
and has as absorbent of nitro-glycerine specially pre¬ 
pared wood fil)re material. It combines all the 
advantages of kieselguhr-dynamite with the ad¬ 
vantage of gun cotton of being insensitive to water. 
The peculiarly treated wood material is a thoroughly 
suitable absorbent, which absorbs 70-75 per cent 
explosive oil. 

This explosive in contact with water remains 
stable in composition, and after pressing out and 
drying, regains its former power. 

7. DynamiteH % 3, and 4.—These are mixtures 
of saltpetre and carboniferous substances (as boring 
dust) which serve as absorbents of nitro-glycerine. 
They are weaker than gelatine-dynamite, kieselguhr 
dynamite No. 1, and cellulose dynamite. 

The composition of these dynamites is given as 
follows:— 


Nitro-glycoriiio 

No. 15 
60 

No. 

70 

No. 4 

50 

Kieselguhr 

10 

— 

_ 

Wood material . 

10 

20 

15 

Barium nitrate . 

20 

10 

35 


On remaining some time in water the nitro¬ 
glycerine separates (as in the case of dynamite No. 1), 
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and the absorbent (saltpetre and boring dust) is 
rendered incombustible and non-explosive. If ex¬ 
posed to the action of the v^ater for only a sliort 
time, as is mostly the case in mining, it remains 
quite unchanged. 

All charges of dynamite 1, 2, 3, or 4 which are 
used under water should be protected by watca- 
proof casings. This is not necessary in the case 
of gelatine dynamite and cellulose dynamite. 

The more dynamites 2, 8, and 4 contain of tlu^. 
absorbent—and the content of the latter increases 
as the number goes higher, while on the othoi’ liand 
that of the nitro-glycerine decreases—the stronger is 
the action in an explosion. Consequently, the strong 
kinds of dynamite Nos. 1 and 2 have a more Incaking, 
and the weaker kinds of dynamite Nos. 3 and 4 a more 
crushing action, similar to powder. 

It is just this gradation in the action of tlie dyna.- 
mites 1, 2, 3, and 4 which renders their use so valualilc. 
The cases in which, in the practice of blasting, dyna¬ 
mites 1, 2, 3 or 4 should be applied, are accairately 
indicated by the kind of action it is dcsircid to 
produce. 

8. We now come to those dynamites which arc 
produced by amalgamation of gun cotton, collodion 
cotton, with nitro-glycerine. 

Trauzl has conducted experiments with gim cotton 
impregnated with nitro-glycerine and which is known 
under the name of gun-cotton dynamite. He found 
that this mixture, which can be handled and storcul 
without any danger, has a highly! explosive action, 
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with a water content of 15 per cent, if ignited with 
a strong fuse (match). A mixture of 73 parts nitro¬ 
glycerine, 25 parts of gun cotton, and 2 parts of carbon, 
after immersion in water for four days absorbed 15 per 
cent of the latter, but could, however, be made to 
explode easily with a strong fuse. 

The manifest advantages of this gun-cotton dy¬ 
namite resulted in an attempt being made to produce 
an explosive composition with collodion cotton and 
dynamite. In this manner explosive gelatine (gela¬ 
tine dynamite) was discovered, which was destined 
to bring about a great improvement in the production 
of explosives. 

The production of explosive gelatine is based on 
the fact that the lower cellulose nitrates such as the 
collodion cottons containing 8 and 9 nitro groups are 
soluble in ether. As nitro-glycerine is also an ester, 
then collodion cotton will be dissolved by it. Conse¬ 
quently, collodion cotton forms a most perfect ab¬ 
sorbent for nitro-glycerine ; it is itself practically an 
explosive, but it also modifies considerably the pro- 
[)erties of dynamite. One-half per cent of collodion 
cotton is sufficient to convert the nitro-glycerine into 
a thick, jelly-like mass, and 8 per cent, as is generally 
used for the production of explosive gelatine, en¬ 
ables the production of a tough, solid, and horny 
like body which can be cut with a knife and 
moulded, whereas the best kieselguhr can only ab¬ 
sorb at the most 80 per cent of nitro-glycerine. 

For the preparation of explosive gelatine, nitro-gly¬ 
cerine is heated in copper pans and nitrated cotton is 
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mixed with it by hand until a solid mass is formed. 
This remains from three to six hours in the pans, until 
the mass has taken on an entirely transparent ap¬ 
pearance, the water under the pans which has served, 
for heating from 90°-97'’ being continually changed 
during this time. It is then stored in a room heated 
to 50°. After this the gelatine is placed in specially 
constructed presses where it is formed into sausages, 
and it is treated in the same way as the dynamite. 
In order to render it insensitive to violent shocks—■ 
for instance, gun-shot—it is given an addition of 
camphor for war purposes. Of course, in this 
case special fuse cartridges are necessary for ex¬ 
plosion purposes. In the place of camphor, pitch, 
resin, aniline, diphenylamine, tannin, etc., have been 
proposed. 

Grenerally explosive gelatine is composed of 92 per 
cent nitro-glycerine and 8 per cent collodion cotton. 
Sometimes a small percentage of the latter is replaced 
by saltpetre. 

As explosive gelatine, when stored, sometimes allows 
the nitro-glycerine to ooze out, and is of no particular 
stability, gelatine dynamite is mostly used for blast¬ 
ing purposes. 

Gelatine Dijnamite is manufactured from nitro-gly¬ 
cerine and about 3 per cent collodion cotton by heat¬ 
ing the former in copper pans with water at 97" up to 
50° or 60°, and then the nitro-cellulose is mixed in by 
hand. After an hour’s heating, a syrup-like mass is 
formed with which the zumic powder, composed of 
saltpetre, boring dust, and soda is amalgamated. By 
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means of a sausage machine with a driving screw, 
the gelatine dynamite cartridges are formed. 

For tlie production of gelatine dynamite special 
kneading machines are employed, the construction of 
wliicli is sliown in Fig. () (p. 241). It consists of a 
wooden frame a, on which a false bottom h can by 
means of two screw shafts c, be moved higher or lower. 
These catch with, nuts d into tlie side walls fitted 
into tlie base and continue upwards in plain shafting 
to wliicli a ])evel wlieel e is fixed. A shaft F fixed 
above the apparatus l)y means of two counter bevel 
wliecls catclies into the sliafts. turning tlie crank 
]h the false liottom is raised. On it there is a copper- 
pan i on four wlieels with a water jacket j. At the 
top the wooden frame carries a second sliaft k with 
a fly wheel, two discs m, n and two bevel wheels o. 
Tliese catch into the coimter-wlieels ‘p which are 
fixed to two shafts r/, carrying finger-shaped mixing 
wings r placed cross-wise. The work is then carried 
on in suclr a manner that the axle witli the double 
pan. is pushed on to the false bottom, where by j it is 
warmed to G., and. puslied upwards until the 

wings dip, and tliese are then set in motion. After 
about an liour tire operation is finisluid. Also tlie 
well-known Werner Pfleiderer kneading maclhnes 
are used. 

Gelatine dynamite No. J, which is generally used 
for blasting work in Germany, is composed as fol¬ 
lows :—. 
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Per cent. 

Per cent. 


l*er cent. 

65 Gelatine 

i 96-15 
\ 3-85 

Nitro-glycerine . 
Collodion cotton 

62-50 

2-5 


r 75 

Sodium nitrate . 

26-25 

35 Zumic powder 

24 

Sawdust . 

8-40 

{ 1 

Soda. 

0-35 




100-00 


This gelatine dynamite is called “Gelignit”. 

In England gelatine dynamite is prepared with 
80 "pei cent gelatine and 20 per cent znmic powder. 

The weaker kinds of dynamite, Nos. 2 and 3, 
are composed of—No. 2, 45 per cent gelatine and 
55 per cent zumic powder; No. 8, 14 percent nitro¬ 
glycerine and 86 per cent zumic powder. 

Zumic powder is prepared in the following 
manner:— 


70 per cent Sodium nitrate 
15 ,, Sulphur 

14 ,, Charcoal 

1 ,, Soda 

Particularly strong dynamites arc obtained by 
an addition of ammonium nitrate, as for instance 
ammongelatine, extradynamite, etc., etc. 

We have now only to mention briefly different 
dynamites which are used in blasting operations or 
are recommended for use. They belong to tlie 
class of dynamites with chemically active absorbent, 
but cannot well be placed in any one of the three 
subdivisions given above. They are:— 

Fulminatin, invented by Justus Fuchs (in Alt Berau 



DYNAMITE 


125 


in Silesia), which is a mixture of nitro-glycerine with 
a combustible organic substance (presumably shearing 
wool). 

Pantopollit, composed of 20-23 per cent infusorial 
earth; 2-3 per cent chalk; 7 per cent heavy 

spar and up to 70 per cent of a solution of naph¬ 
thalene in explosive oil. This explosive was manu¬ 
factured by a Ehenish factory at Opladen. The 
naphthalene was said to arrest the unpleasant fumes 
resulting from the explosion. The explosive effect 
was good ; however, the smoke and smell resulting 
from the discharge of the shot was so unpleasant 
that the workmen at once complained of violent head 
and chest pains and for a long time could not con¬ 
tinue their work, 

Rhexit, invented by C. Diller, contains 64 per cent 
nitro-glycerine, 11 per cent wood pulp, 7 per cent 
wood dust, 18 per cent sodium nitrate. 

Meganit of Schuckher & Co., composed of 60 per 
cent nitro-glycerine, 10 per cent nitrated wood, 10 per 
cent nitrated brazil nut, and 20 per cent sodium 
nitrate. 

Karho Dynavilte of Keid and Borland—90 per 
cent nitro-glycerine, 10 per cent cork charcoal. 

Karhonit of Schmidt and Bichel—25 per cent 
nitro-glycerine, 4()-5 per cent wood dust, 34 per cent 
sodium nitrate, 0-5 per cent sodium carbonate. 

Stonit of Schmidt and Bichel—68 per cent nitro¬ 
glycerine, 20 per cent kieselguhr, 4 per cent wood 
dust, 8 per cent potassium nitrate. 

Dynamite of Vonges (France)—75 per cent nitro- 
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glycerine, 20-8 per cent randonite (weathered fels¬ 
par), 3-8 per cent quartz, 0-4 per cent rnagnesiuin 
carbonate. 

Hercules Powder (America)—40 per cent nitro¬ 
glycerine, 45 per cent sodium nitrate, 11 per cent 
wood substance, 1 per cent kitchen salt, 1 per cent 
magnesium carbonate. 

Vulcan Powder (America)—30 per cent nitro¬ 
glycerine, 52-5 per cent sodium nitrate, 7 per cent 
sulphur, 10-5 per cent charcoal. 

Safety Nitro-Powder (America)—68*81 per cent 
nitro-glycerine, 18*35 per cent sodium nitrate, 12*84 
per cent wood substance. 

Judson Poicder (America)—5 per cent nitro-gly¬ 
cerine, 64 per cent sodium nitrate, 1() per cent 
sulphur, 15 per cent cannel coal. 

Atlas Powder (America)—75 per cent nitro-gly¬ 
cerine, 2 per cent sodium nitrate, 21 per cent wood 
fibre, 2 per cent magnesium carbonate. 

Vigorit (America)—75 per cent nitro-glycerine, 
4 per cent potassium chlorate, 7 per cent potassium 
nitrate, 9 per cent wood substance, 5 per cent mag¬ 
nesium carbonate. 

In addition, particular mention should be made of 
the so-called ‘‘weather dynamites 

The fire-damp in coal-mines is a mixture of mine 
gas (Methane CIT^) with at least 6 parts of air; 
mixtures with, more mine gas are not explosive. If 
such a gas combination is ignited, it burns with a 
fearful explosion, and this, unfortunately, claims an in¬ 
creasing number of victims every year. Coal-dust, 
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'moreover, if in the air in a finely divided state, is 
easily set fire to, and the combustion spreads quickly 
and takes on the character of an explosion. The 
combustion of such substances can also be brought 
about by blasting operations as Well as by careless 
liandling of the mine lamps. Therefore, in those 
mines in wiiich tliere is the danger of fire-damp, or 
of coal-dust explosions, the ignition of the dynamite 
chai’ge sliould only be accomplished by means of elec¬ 
tricity, and, tlien, direct exploding substances, such as 
powder, etc., sliould not l)e used, as these burn too 
slowly, whilst the coal begins to free itself, and as long 
as there is a portion of the charge in the bore hole, the 
open combustion thereof can cause an explosion. 
Therefore, only explosives such as dynamite of the 
strongest kind should be used, then the danger is 
very considei’ably minimized, and by careful choice 
of the cliarge, the drawback of the too violent 
shattcu’ing of the coal is avoided. Mallard and Le 
Cliatcdier found, further, that all explosive materials, 
the ignition temperature of which were under ‘2200°, 
(lid not ignite fire-damp. To these explosives be¬ 
long all those wliicli contain ammonium nitrate in 
large (]uantities, such as rolnirite, ammon-gelatine, 
bellit, (itc. 

Ifinally, experiments have been made—apart from 
the proposals of filling the bore-holes with water, or 
putting the cartridges in cases filled with water or 
sand, in order thereby to avoid contact of the air 
with the explosive flame—mixing with dynamite 
soda crystals or sodium sulphate, the large amount of 
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water of crystallization vaporizing in an explosion and 
forming a sort of water jacket. 

These weather dynamites are of the following 
compositions:— 

NobeFs weather dynamite :— 


Nitro-glycerine 


52 pel' cent 

Kieselguhr . 


14 „ • 

Soda crystals 

Ammon-weather dynamite: 

I. 

34 „ 

11. III. 

Nitro-glycerine 

. 60 

50 

40 

Sal ammoniac 

. 40 

50 

60 


These kinds are less certain than soda-weather 
dynamite, and in an explosion develop unpleasant 
sal ammoniac fumes. 

The former applies also to-— 

Kubin’s Weather-dynamite:— 


Nitro-benzolgelatine 

I. 

. 30 

ii. 

42 

tii. 

40 

Ammonium nitrate 

. 40 

8 

— 

Ammonium sulphate 

. 30 

— 

50 


The following composition for weather dynamites 
has proved thoroughly reliable, as even when using 
1000 g. no explosion resulted:— 


Guhr dynamite:— 

1 . 

II. 

Explosive Oil 

. 45 

40 

Kieselguhr 

. 12 

10 

Magnesium sulphate 

. 42 

19 

Soda .... 

1 

1 



DYNAMITE 


129 


Gelatine dynamite:— 



I. 

11 . 

Explosive oil 

. 38-5 

25 

Zumic powder 

. 18 

10 

Magnesium sulphate 

. 42*5 

64 

Soda . 

. 1 

1 


A drawback, however, of all these dynamites con¬ 
sists in the fact that through the addition of soda, 
that is, owing to the water of crystallisation in the 
soda having to be vaporized, the explosive action is 
somewhat lessened. Such dynamite might, therefore, 
be too expensive in comparison with ordinary strong 
dynamite, the use of which as a rule offers the same 
security. 

Ammongelatine dynamite contains:— 

Nitro-glycerine . . . 25-30 per cent 

Collodion cotton ... 1 ,, 

Dlour (meal) . . . 10 ,, 

Ammonium nitrate . . 40-45 ,, 

These dynamites are much in use, and by the ad¬ 
dition of cooking salt the security against ignition is 
increased, 
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LEAD GLYCERIDE (GLYCERINE CEMENT). 

It has been known for some time that glycerine 
which has been intimately mixed with protoxide of 
lead (litharge) results in a mass which, after a short 
time, becomes as hard as stone and can be ^ mployed 
for many useful purposes, but particularly for the pro¬ 
duction of very resistant cements. It was first 
ascertained by experiments carried out by Morawski 
that glycerine with protoxide of lead formed a com¬ 
bination of a definite constitution—lead glyceride. 
The lead glyceride which results from the mixing of 
glycerine with protoxide of lead, is of the following 
composition G 3 lTr,(B[Pb 0 y) + H^,0 and is crystalline. 
The crystals can be obtained in quite a pure form, 
that is, in the shape of very small needles, if to a 
solution of protoxide of lead in potash-lye glycerine 
is added. 

The behaviour of glycerine cement on treatment 
with chemical reagents was tried in such a manner 
that parallelipipeds of 3 mm. thickness were made 
of the cement and submitted to the action of differ¬ 
ent reagents. Concentrated and diluted acetic acid 
easily dissolved the cement after three hours’ action ; 

/'I 
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concentrated nitric acid attacks it very slightly, 
as the lead nitrate which is so difficult to dissolve 
hinders'the further action of the acid; diluted nitric 
acid easily causes the dissolution. Concentrated and 
diluted sulphuric acid (1 : 4) behave in the same 
manner as nitric acid. Muriatic acid, diluted as 
well as concentrated, has scarcely any effect on the 
mass; potash-lye soon disintegrates the composi¬ 
tion ; ammonia solution hardly affects it. 

In order to ascertain the most favourable con¬ 
ditions for the production of the cement between 
protoxide and glycerine, bars were prepared from 
different mixtures of the two substances and water, 
of exactly similar size (25 mm. long, 11 mm. wide, 
and 8 mm. thick), and their solidity determined by 
supporting them at each end and applying weights 
in the centre until they broke. The table on next 
page gives the results of these experiments. 

A mixture of 50 g. litharge and 5 c.cm. of gly¬ 
cerine results therefore in the most solid cement ; 
but it is difficult to make, as hardening sets in before 
the mixture has been sufficiently mixed by mechanical 
means. It is more easy to make such a cement by 
mixing 5 volumes of glycerine with 2 volumes of 
water and of this liquid mix 60 c.cm. with 50 g. of 
litharge. 

This mass very rapidly hardens and after ten 
minutes is already fairly hard, and after three hours 
harder than any other ; in the course of time, how¬ 
ever, it is exceeded in hardness and solidity by the 
cement prepared according to Experiment 9, 



No. 

Dilution of 
Glycerine. 

c.cm. 
per 50 g. 
lead oxide. 

Behaviour on hardening. 

Breaking Weight. 

Vol. of Glycerine 
to Water. 

Grammes. 

After 

day.s. 

1 

10 : 60 

6 

Is not a good harden¬ 
ing mass; scarcely 
coherent. 

- 


2 

10 : 40 

6 

Somewhat harder, but 
easily crushed be¬ 
tween the fingers. 



3 

10 : 30 

6 

Distinctly harder than 
2, but not yet satis¬ 
factory. 



4 

10 : 20 

6 

After standing for se¬ 
veral days, can still 
be easily cut. 

550 

4 

' 5 

10 : 10 

7 

More solid than 4 but 
less so than 6. 

■ 

■ 

6 

10 : 10 

5 

Distinctly more solid 
than 5. In the form 
of small, slightly re¬ 
sonant plates, quick¬ 
ly sets, difficult to 
mix. 



7 

10 : 6 

6 

Fairly hard, and al¬ 
ready shows a clean 
cut. 

800 

4 

8 

10 : 4 

5 

Hardened in 10 min. ; 
after 2 hours very 
solid, difficult to 
mix. 

1700 

4 

9 

10 : 4 

6 

After 2 hours more 
solid than any other 
mass, hardens jiist 
as quickly. 

2020 

4 

10 

10 : 4 

7 

In 10 min. tenacious 
and binding, and in 

2 hours very solid. 

1550 

4 

11 

Cone. glyc. 

- 7-5 

After 3 hours not suffi- 
0 i e ntly hardened, 
but in a few days 
fairly hard. 

1100 

4 

12 

; ? 

7 

The same almost as 11. 

/1020 

1 1750 

3 

6 

13 

j 

6 

Hardens in a shorter 
time than 12 and is 
more solid. 

/2070 

11540 

3 

6 

14 

» 5 

5 

After 10 min. already 
particularly tough 
and in 20-30 min. is 
solid. 

3080 

6 


Lead glyceride 


1S3 


The glycerine cement is a yellow or brownish 
mass, which, pressed into moulds and left in these for 
some days, fills out the finest hollowings of the mould, 
and is, therefore, very suitable for coin impressions or 
reliefs, which are more solid than plaster or cement 
casts. 

The cement is particularly suitable as foundations 
for objects which are of considerable weight, and 
which are, therefore, constantly subjected to blows, 
for this cement, in spite of the hardness it gains in 
course of time, never loses all its elasticity. Founda¬ 
tions of steam engines, stamping machines, etc., 
have therefore been made of lead-glyceride which is 
also used for cementing stones. In order to cement 
stones, the spaces in question should be smeared over 
with concentrated glycerine, then litharge should be 
powdered on to them, and the stones tightly pressed 
one on the other and for some days kept under pres- 
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GLYCERINE AS SOFTENING SlTliSTANCE. 

Owing to its high boiling-point, glycerine in itself 
belongs to those substances whicli evaporate with 
great difficulty ; but it also possesses considerable hy¬ 
groscopic qualities, that is it absorbs water from tlu^ 
air or from those bodies with which it is broiiglit 
in contact. Therefore, if a wide vessel containing 
glycerine is exposed to the air, the liquid therein 
is increased because glycerine draws water from 
the air. 

If, then, a substance which, when exposed to the 
air on drying becomes hard and brittle, is mixed witli 
a suitable quantity of glycerine, it can be kept soft 
and supple for any desired length of time, and slionld 
the substance in question be subject to decay, decay 
can be arrested if glycerine is present in large (juan- 
tities. If glycerine is used in small quantities only, 
decay of the substance in question can also be ])r(i- 
vented if in the glycerine an antiseptic substaocu^, 
such as carbolic acid, boric acid, salicylic acid, be dis¬ 
solved. 
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Glycerine for the Preservation of Furs, 
Stuffed Animals, and Animal -Skins. 

A raw animal skin on being exposed to the air 
dries, as is known, to a brittle hard mass ; should 
the temperature be so low that the evaporation of 
the water does not take place rapidly enough, tlien 
the skin does not dry, but decays. 

If raw animal skins are repeatedly rubbed with 
glycerine, then, after long exposure to tlie air, they 
not only do not decay, but retain their suppleness ; in 
-the case of heavy animal skins the suppleness is even 
increased by glycerine, and the simple process of 
rubbing these raw animal skins with glycerine would 
undoubtedly be the simplest tanning process, but for 
the fact tliat the application of glycerine for this pur¬ 
pose is precluded on account of its solubility in water. 

For iiistance, if a skin which has been rendered 
supple by impregnation with glycerine were plunged 
in water, owing to osmosis there is an exchange be¬ 
tween the liquid contained in the tissue of the skin 
and the liquid outside, and in this manner the gly¬ 
cerine is extracted again. 

Ifj therefore, glycerine cannot be considered as a 
means of tanning in the real sense of the word, yet 
it can be used with extraordinary advantage in cer¬ 
tain cases for the preservation of animal skins. 
Furs, and notably valuable furs, are mostly obtained 
from small animals (martens), and only tanned with 
difficulty on account of the great care to be exercised 
in .connection with the hair. 
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In most cases people are content with rubbing 
the flesh side of the fur with alum and cooking salt, 
and accordingly give it a superficial white tanning. 
Furs treated in this manner have, however, two 
drawbacks—the skin, in spite of the fact that it is 
not very thick, is brittle, because softening thereof 
by mechanical means (fulling) can not be resorted 
to, owing to the care with which the hair side must 
be treated ; or it cannot be proceeded with in such a 
manner as to render the skin quite supple. The 
second drawback, which in the case of some furs 
is noticeably unpleasant, is the smell peculiar to the 
animal from which the fur is obtained. 

Both drawbacks can be remedied in a very simple 
manner, if the preservation of the fur is accomplished 
by means of glycerine, and this is carried out in the 
following manner:— 

The skin is first placed in water in order to render 
it supple, and is then washed in either a soap or soda 
solution in order to remove fat or dirt and to con¬ 
serve the hair side in all its beauty. After this 
treatment the fur is repeatedly rinsed in water and 
is then placed, the hair side downwards, on a table 
and the flesh side is then manipulated with the in¬ 
struments as used by tanners for this purpose and 
all particles of flesh and all hard lumps in the skin 
removed. 

After completion of this work, the skin is rubbed 
on the flesh side with concentrated glycerine, in which 
boric acid has been dissolved ; this rubbing is repeated 
two or three times and the skin is then hung in a room 



GLVCEEINE AS SOFTENING SUBSTANCE 13? 


to dry. By means of the washing process, the skin 
is thoroughly soaked through and through with 
water; as soon as the concentrated glycerine is 
applied to the flesh side of the fur, the action of 
osmosis sets in and the whole skin is then impreg¬ 
nated with a diluted solution of glycerine correspond¬ 
ing to the water contents thereof. 

If the skins hang in dry air, then the water is 
allowed to evaporate until the glycerine is so con¬ 
centrated that no more water escapes; the whole 
tissue of the skin is now so impregnated with glycer¬ 
ine that it will always remain supple, and is 
thoroughly protected against decay by the strong 
antiseptic action of the boric acid. 

In order to mask the faint smell which some furs 
even after repeated washing do not lose, instead of 
ordinary glycerine, such glycerine should be used as 
is slightly perfumed with a not too volatile sweet¬ 
smelling substance such as ambergris or nutmeg oil. 

The fur treated in this manner, on the flesh side 
has the appearance of a fresh skin ; if it is desired to 
impart to it the appearance of tawed leather, this 
can be accomplished in a very simple manner by 
spreading over it a cold solution of alum or aluminium 
sulphate, leaving it to dry and then dabbing it over 
with a sponge dipped in ammonia. In this way 
the aluminium hydroxide is separated from the flesh 
side of the skin, which thereby has the appearance of 
tawed leather. 

In the same manner as for furs can be treated 
the skins of animals, which are to be stuffed, such 
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as birds, and this process is particnJarly valuable for 
naturalists when travelling, who are not able to 
stuff immediately the skins of animals and birds 
caught. If the fresh skins are treated with glycerine 
in which for this purpose salicylic acid instead of 
boric acid has been dissolved (on account of its power¬ 
ful preserving action) then the skins or birds can, 
as soon as they are dried, be packed in boxes and left 
there as long as desired. If the bird is to be stuffed, 
then it is quite supple and much trouble is saved 
which would be otherwise occasioned by the soften¬ 
ing of the dried and stiff* skin. 


Glyceiune eou the Preseuvation of whole 
Animals. 

Glycerine is also of importance to the naturalist 
from another point of view, and therefore we touch on 
its value for natural history purposes. It is known 
that some animals preserved in alcohol become ir- 
recognizable in the course of time, because the 
alcohol dissolves the fat in the body and destroys 
the colour. This is particularly noticeable in the 
case of some beautifully coloured sea worms and 
fish which shrink in alcohol and entirely lose their 
colours. We have found that glycerine which is 
sufficiently diluted with water, in order that the 
very watery bodies of worms and other molluscs as 
well as of fishes should not shrink by the absorp¬ 
tion of the water, is eminently adaptable for the 
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preservation of such animals. For this purpose we 
prepare a preserving fluid according to the following 
inethod — 

Glycerine . . . . . 200 g. 

Water. 800 „ 

Salicylic acid . . . . . 4 ,, 

Tlie glycerine and water mixture is placed in a 
bottle into which the powder like salicylic acid is 
shaken, and for a week the bottle is shaken several 
times a day. 

The salicylic acid, which is more easily dissolved 
in a licjuid containing glycerine than in water, dis¬ 
solves in the diluted glycerine, and this after it has 
been filtered can then be used for the preservation of 
animals. 

The use of this liquid for the preservation of 
animals has the following advantages: The animals 
remain completely preserved in shape and colour, 
both the glycerine and the salicylic acid protect them 
against decay. The preserving liquid does not evap¬ 
orate very much, and therefore the sealing of the 
vessels is not so troublesome as in the case of pre¬ 
parations preserved in alcohol. If a vessel is so 
badly closed that after a short time a noticeable 
(quantity of the preservation liquid has evaporated, 
then all that is necessary is to replace the evaporated 
li(]uid l)y clean water and to hermetically seal the 
vessel. Formaldehyde (formalin) can be substituted 
for salicylic acid. 
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grating it. The grease is divided into very fine 
drops which float about in the liquid and give it a 
milky appearance. 

By repeated treatment with degras, a certain de¬ 
gree of suppleness is given to cKaniois leather, and 
presence of alkaline substances prevents any specific 
odour due to rancidity, as the free fatty acids result¬ 
ing therefrom are at once bound. In spite of this, 
chamois leather has a characteristic smell, very prol)- 
ably due to small quantities of volatile fatty acids 
which cannot be bound by the alkali. 

As the application of degras only results in the 
suppleness of the leather, this preparation can be 
entirely substituted by glycerine: one application 
of glycerine to the chamois leather (it must be 
rubbed in as long as the leather is wet) quite does 
away with the treatment with degras ; the leather is 
hereby rendered supple, without after some time as¬ 
suming a strong odour or darkening, as is more or 
less the case with leather which has been treated 
with degras. 

For this and other similar purposes there is no 
need, as will be seen, to use highly purified glycerine 
which is absolutely colourless and odourless, but a 
product may be used that has simply been obtained 
by means of distillation, and which does not need to 
be colourless and odourless. With, regard to the 
latter quality, it must be remarked that there should 
be no smell of acrolein, as this substance even when 
largely diluted has a very objectionable odour. 

In the manufacture of tawed leather, so-called 
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alum leather and glace leather, degras is substi- 
tuted by the so-called food This consists of 
several very dissimilar substances; fermented grain 
(groats) and bran are very often mixed with grated 
calf’s brain and the skin is then impregnated with 
this “ food 

In the manufacture of glace leather a similar 
food ” is more often used which contains yoke of 
egg, The doping of skins tanned with alum is ac¬ 
complished by treading with the feet or kneading 
with the hands in a flat vat filled with the food 

Chemically, the brain and yolk of egg show a 
certain similarity because both substances con¬ 
tain a certain quantity of glycerine in addition to 
the fat, in the form of glycero-phosphoric acid, and 
in* these cases in addition to the fat it is the gly¬ 
cerine which imparts suppleness to the leather. 

The doping ” which consists of yolk of egg is 
fairly expensive, therefore manufacturers of bleached 
(tawed) glace leather must sell the white of egg 
which comes away with the yolk, either to printing 
works or to manufacturers of albumen. As also in 
this case it is the glycerine to which the action of the 
doping belongs, this substance can be easily substi¬ 
tuted for the yolk of egg. 

Glycerine can best be applied by spreading the 
tanned skin out on a table, so that the side to be 
dyed should be underneath, and the other side is then 
lightly run over with a brush dipped in glycerine. 
Bach two skins are placed with the brushed sides to¬ 
gether, and a weight is placed on the skins and they 
are left for a few days. 
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grating it. The grease is divided into very fine 
drops which float about in the liquid and give it a 
milky appearance. 

By repeated treatment with degras, a certain de¬ 
gree of suppleness is given to cKamois leather, and 
presence of alkaline substances prevents any specific 
odour due to rancidity, as the free fatty acids result¬ 
ing therefrom are at once bound. In spite of thiS, 
chamois leather has a characteristic smell, very prob¬ 
ably due to small quantities of volatile fatty acids 
which cannot be bound by the alkali. 

As the application of degras only results in the 
suppleness of the leather, this preparation can be 
entirely substituted by glycerine: one application 
of glycerine to the chamois leather (it must be 
rubbed in as long as the leather is wet) quite does 
away with the treatment with degras ; the leather is 
hereby rendered supple, without after some time as¬ 
suming a strong odour or darkening, as is more or 
less the case with leather which has been treated 
with degras. 

For this and other similar purposes there is no 
need, as will be seen, to use highly purified glycerine 
which is absolutely colourless and odourless, but a 
product may be used that has simply been obtained 
by means of distillation, and which does not need to 
be colourless and odourless. With regard to the 
latter quality, it must be remarked that there should 
be no smell of acrolein, as this substance even when 
largely diluted has a very objectionable odour. 

In the manufacture of tawed leather, so-called 
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alum leather and glace leather, degras is su])sti- 
tuted by the so-called ‘‘food”. This consists of 
several very dissimilar substances; fermented grain 
(groats) and bran are very often mixed with gratcul 
calf’s brain and the skin is then impregnated with 
this “food”. 

In the manufacture of glace leather a similar 
“food” is more often used which contains yok(^ of 
egg, The doping of skins tanned with alum is ac¬ 
complished by treading with the feet or kru'.ading 
with the hands in a fiat vat filled with the “ food ”. 

Chemically, the brain and yolk of egg show a 
certain similarity because both substances con¬ 
tain a certain quantity of glycerine in addition to 
the fat, in the form of glycero-phosphoric acid, and 
in* these cases in addition to the fat it is the gly¬ 
cerine which imparts suppleness to the leatlicr. 

The “doping” which consists of yolk of egg is 
fairly expensive, therefore manufacturers of bk',ached 
(tawed) glace leather must sell the wliite of egg 
which comes away with the yolk, either to printing 
works or to manufacturers of albumen. As also in 
this case it is the glycerine to which the action of tlui 
doping belongs, this substance can be easily substi¬ 
tuted for the yolk of egg. 

Glycerine can best be applied by spreading tlu^ 
tanned skin out on a table, so that the side to l )0 
dyed should be underneath, and the otlier sidci is them 
lightly run over with a brusli dipped in glycu^iine.. 
Each two skins are placed with the brushed sid(^s to¬ 
gether, and a weight is placed on the skins and they 
are left for a few days. 
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During this time the glycerine is evenly absorbed 
by the whole mass of the leather and attains thereby 
the highest degree of suppleness. During the process 
of dyeing by painting or by means of dipping, the 
skins lose part of their suppleness, and, therefore, a 
preliminary experiment should be made in order to 
ascertain in how far the glycerine should be diluted 
so that the leather may attain the necessary degree 
of suppleness. 

It is, moreover, possible, after the glace leather has 
been dyed, by rubbing glycerine in on the non-dyed 
side to give it the necessary degree of suppleness, 
and it needs only a simple experiment in order to 
determine the quantity of glycerine which, is neces¬ 
sary to impart to the leather lasting suppleness and 
elasticity. 

Glycerine is also of value to manufacturers of 
tanned leather because it imparts to this particular 
leather a high degree of suppleness. The vamps of 
boots which owing to faulty tanning are somewhat 
brittle, can be very much improved in quality and 
rendered quite supple. To this end the leather need 
only be spread with glycerine on one side, and, if 
necessary, this operation can be repeated once or twice. 

A heavy red tanned leather such as is used for 
belts possesses the drawback that it has very little 
suppleness ; a considerable portion of the power used 
to drive machines with belts is lost because the belts 
only turn round the wheels with stiffness. The 
edges also easily fray and after a time split. 

These drawbacks can best be remedied by impreg- 
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nating the belts with glycerine, which can be ac¬ 
complished by repeated applications of glycerine, and 
by this means even very thick straps without in 
the least losing their firmness can be made so supple 
and durable that they even run round wheels of very 
slight diameter, without fraying or necessitating any 
particular expenditure of force as regards bending or 
stretching. 



CHAPTEE XI. 

PEEPARATIONS OF GLYCERINE AND GLUE. 

Glue in a perfectly dry state forms a very hard 
and uncommonly brittle mass, which in contact with 
water for some time swells more and more and finally 
is transformed into a very voluminous and soft jelly, 
which on slight heating melts into a solution of glue 
in water. 

The high degree of elasticity possessed by glue 
which has absorbed a certain quantity of water 
would render it very suitable for some purposes, 
if the steeped glue did not putrefy so quickly. This 
could indeed be prevented by adding to the water 
in which the glue is steeped a powerful pre¬ 
servative (for instance salicylic acid), but even in this 
case it would not be possible to obtain an elastic mass 
of permanent uniform quality because the glue is 
constantly letting water evaporate, and therefore 
become less voluminous and elastic and finally would 
dry up to a hard brittle mass again. 

By the addition of a suitable quantity of glycer¬ 
ine it is possible to impart to the glue those lasting 
qualities of elasticity which are only transitory in the 
case of glue melted with water, and such glycerine 
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glue can be used for quite a number of different 
purposes. According to the end in view, glue of 
different degrees of purity can be used ; the most 
common joiner’s glue and the finest colourless gelatine 
result in preparations of fairly similar qualities and 
only differ strongly from one another in colour. 

The production of glycerine glue is best proceeded 
with in such a manner that the glue is first allowed 
to soak in water and the cakes are transformed into 
soft flaky masses, which on lifting can easily be torn, 
the water is then poured off, the steeped glue care¬ 
fully melted and boiled when all the scum which ap¬ 
pears during boiling floats on the surface and is 
removed. 

After this the necessary amount of glycerine is 
added, and by stirring is intimately mixed with the 
glue solution. 

If a sample of glycerine glue prepared in this 
manner does not show sufficient firmness on cooling, 
then this is a proof that the mass contains too much 
water, and by careful evaporation the excess of water 
can be removed. The only precaution necessary to 
take in this connexion consists in constant stirring 
as soon as the mass begins to thicken in order to 
avoid burning, which easily takes place where the 
flame touches the vessel. If evaporation does not 
take place over an open fire but on the hob danger 
of burning is much less. Burnt glycerine glue has 
a dark colour and a peculiar sweet sort of smell. 

If the evaporated mass is sufficiently firm, it is 
immediately poured into shapes ready to receive the 
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mass, and they are left for a time until the entire 
mass is so hard that on touching it with the finger 
it does not stick. 

If it is a case of making a light-coloured glycerine 
glue from dark glue, then, on soaking, the glue must 
also be cleaned. In the place of plain water, water 
to which a percentage of strong vinegar has been 
added may be used, and the first water is poured on 
to the glue only three hours later, the second and 
subsequent (4-5) waters at intervals of two hours. 

Owing to this water containing vinegar, osmosis 
extracts from the glue a considerable number of salts 
and colouring matter, and in this way it is possible 
to manufacture from an evil smelling, practically 
black glue, glycerine glue which is the colour of 
dark amber. 


Glyceeine Gelatine. 

This preparation, which is eminently suitable for 
the preservation of delicate microscopic preparations 
(see p. 140), is obtained as follows: The purest 
colourless gelatine is steeped in water for so long 
that, after the water is poured off, on heating it just 
melts at 100^ The steeped gelatine is placed in a 
glass, which is put in water and heated until it boils. 
As soon as the gelatine has melted, concentrated 
glycerine is dropped into the liquid and mixed by 
stirring with a glass rod, the mass is then poured 
into a china cup and left to congeal. 

The addition of glycerine is so proportioned that 
the congealed mass on heating becomes liquid at 
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about 50"'; properly prepared in a solid state it is a 
perfectly transparent and colourless mass which has 
a certain degree of hardness. 

If a microscopic preparation is to be preserved in 
glycerine gelatine, a small piece of the gelatine is 
placed on a glass plate, this is heated to 51°-53° and 
the preparation to be preserved is pressed into the 
melted glycerine glue, when care must be exercised 
that there are no air bubbles. After the plate has 
been left for some time the glycerine glue thoroughly 
hardens and the preparation is embedded therein, 
or melted, just as some firm objects are melted into 
glass. 

It is of importance in the production of glycerine * 
glue for microscopic purposes to take care that the 
prej)arafcion should be as firm as possible, which can 
be attained by avoiding any excess of water during 
the process ; further, the melting-point should not 
1)e higher than 50°, which can be managed by proper 
regulation of the quantity of glycerine. To observe 
this condition, as regards the melting-point is neces¬ 
sary, as in glycerine glue with a high melting-point 
delicate plant and anatomical preparations easily 
change owing to loss of water. 

GLYcryuiNE-GLUE EOK Printing Eollers. 

Glue, used for this purpose, should be of a not too 
dark average kind, and is mixed with so much glycer¬ 
ine as seems necessary for the roller mass. Eoller 
material intended for printing needs far less glycerine 
than the roller mass intended for the transmission 


150 


GLYCERINE 


of ink on to copper printing or lithograph plates, 
because, owing to the care which must be exercised 
in regard to the plates, no heavy pressure should be 
used, as in the case of ordinary letter type or wood- 
cuts. 

The production of glycerine glue for printing 
rollers takes place in exactly the same manner as was 
described for the preparation of glycerine gelatine, 
naturally, less care is necessary in this ca^se than 
would be necessary for that delicate preparation. If 
the sample taken from the roller mass, after })eing 
boiled for some time, seems too firm, the defect 
can be remedied by the addition of glycerines; if it 
is too soft it can be steamed, or a certain quantity 
of glue can be added which must have been soak(id 
sufficiently for it to soften. Then the whole mass 
must boil again for a time in order to bring the 
freshly added glue into solution. 

The moulding of the glue mass for printing 
rollers is accomplished in a simple manner, and to 
this end a simple device is used which consists of a 
turned cylinder perfectly smooth inside which along 
its length can be divided into two halves. 
cylinder is closed with a raised bottom and at tlu‘, 
top by means of a ring supporting a cross-piccun 
In the bottom there is a square opening, and also tlie 
cross-piece of the ring fitted at the top has a similar 
opening. Through these openings a four-sided rod 
of wood is pushed which is fitted at both ends with 
round turned handles. After the roller mould lias 
been arranged in this manner and placed in a vertical 
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position, the melted roller mass is poured in an even 
stream into the hollow of the mould, so that no air 
bubbles form, and it is then left for a time until the 
glue mass is quite firm when the mould is opened, 
the now finished roller taken out and any seams 
taken off with a sharp knife. 

The four-sided rod which is surrounded by the 
glue cylinder serves as a support; if after much use 
the roller is not to be employed any more, then the 
ink attaching to the surface is removed, the glue 
mass taken from the wooden rod and again melted. 

The roller-mass should be of such a quality that it 
will easily absorb the ink from the plate on which 
it has been distributed, and on rolling over letter 
type, copper, or lithographic plates, should impart it 
to these; if the ink smears, then it is a proof that 
the roller mass contains too much glycerine; if the 
roller does not impart sufficient ink to the printing 
type or to the plate, then it contains too little 
glycerine. 

The same mass which is used for the manufacture 
of printing rollers can also be used for producing an 
elastic foundation for the inks employed on hand 
presses in printing works for printing certain patterns, 
and in this case the glue mass is poured into plates 
a few centimetres thick. 

Hectogkaph Blocks. 

The property of the glycerine glue mass to absorb 
the ink from certain surfaces and impart it to others 
under light pressure has been known for some tinre 
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and made use of in printing works. If a printed 
piece of paper, which has just come from the press 
and the ink on which is still quite damp, is placed on 
an elastic foundation, and a clean printing roller rolled 
over it lightly, then the roller absorbs part of the 
ink from the paper; if this roller is then passed over 
a sheet of paper which has been damped, and which 
also has an elastic foundation, it imparts to the 
paper the ink and a fairly clear impression is ob¬ 
tained. If rolled over a second, third, etc., sheet of 
paper, further but increasingly fainter impressions 
are obtained from the roller. 

Owing to the capacity of the glycerine glue mass 
to absorb colours from a foundation and to transmit 
it to others, it has been successfully used for the 
copying of documents, and the instruments, with 
the help of which such copies have been made, 
have been called hectographs (hundred ‘‘copiers”), 
as they enable up to a hundred legible copies to be 
taken. 

That this should be possible is again owing to the 
wonderful quality of glycerine, and the ink with 
which the original matter to be manifolded is 
written must also contain glycerine, and the manu¬ 
facture of such inks will be described later. 

The glycerine glue masses, used in the making of 
hectographs, are obtained in the manner already in¬ 
dicated, and in recipes given for the making of hecto¬ 
graph blocks, it is often recommended to use the 
best gelatine. It is, however, quite superfluous to 
use very expensive gelatine, as with ordinary glue of 
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a good quality, for instance, so-called size, hectograph 
blocks can be made which, as regards copying 
capacity, are equally as satisfactory as those made 
with the application of gelatine. 

Hectograph blocks corresponding to all require¬ 
ments can, therefore, easily be made by soaking the 
size in water, adding glycerine, and allowing the 
mass to solidify; the addition of glycerine should be 
so proportioned that on cooling a product is obtained 
having the consistency of a very soft vulcanized 
rubber, and which on touching seems somewhat 
clammy. It size is employed the hectograph block 
obtained has an amber- or honey-yellow colour. 

These hectographs, before they are poured into the 
shallow metal vessels used for this purpose, should be 
wanned for some hours to such an extent that they 
just remain in a thin liquid state. During this pro¬ 
cess all the foreign substances contained in the glue, 
as well as those parts of the glue which only soften 
but do not dissolve, settle at the bottom of the 
vessel and, by slowly pouring off, the solution can be 
separated from the sediment. 

A.S already mentioned, it is sufficient to impart to 
the glycerine glue such a consistency that it is 
similar to soft rubber, and it then depends only on the 
quality of the ink with which the original is written, 
as to whether several or only a small number of 
copies can be obtained. In general, however, it can 
be taken that a firmer and less elastic hectograph 
mass gives a* lesser number of copies, all of which 
are very clear, whereas from a softer hectograph 
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mass (that is containing more glycerine) more copies 
can be taken, the last ones of which, however, show 
fainter outlines. 

According to certain prescriptions for the prepara¬ 
tion of hectograph masses, a powder-like substance 
of a white colour should be added to the glycerine 
glue in order to obtain a milk white mass, which 
shows up the writing more clearly. Such substances 
are, for example, finely ground heavy spar and 
zinc white: but there is not much object in this 
because it is not a question of reading the writing 
transmitted to the hectographs but of reading the 
copies taken from it. 

Moreover, the addition of such substances has 
certain drawbacks as to the clearness of the copies. 
Under all circumstances the clearest and most mimer- 
ous impressions are obtained when the hectograph 
mass is composed of glycerine and glue only. We 
will now give some formulae for the making of these 
hectograph masses:— 


Simple Hectookaph Blocks. 

A. 


Size ...... 

. 100 g. 

Glycerine at 28'’’ Beaum6 

. 500 „ 

B. 

Size ..... 

. 100 „ 

Glycerine at 28° Beaunn^ 

. 400 „ 

Walter ! : r • 

, 200 „ 
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Cheomog-baph Masses 

are hectograph masses with additions of white 
substances which enable the writing to stand out 
more clearly, and also facilitate the washing away 
of the characters. Heavy spar must be used either 
in the form of the finest powder, or, still better, very 
finely divided barium sulphate should be used, which 
can be obtained by means of precipitation of a solu¬ 
tion of barium chloride with sulphuric acid and 
washing the deposit. 


A. 


Size , . . . 

Barium sulphate (wet) 
Dextrin 
Glycerine . 


100 g. 

0-5 1 . 

100 g. 
1000-1200 


Dextrin and size are dissolved together, then the 
glycerine, and finally barium sulphate added, and the 
mass is poured into moulds. If an insufficient 
number of copies results, or if the writing can only 
be washed off with difficulty, then a mass of the 
proper quality can be obtained by melting it again 
and adding glycerine. 


. * 100 g. 

0-5 1 

. 1200 g. 


Size 

Baryta precipitate 
Glycerine 


B. 
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C. 

The French Ministry for Public Works recom¬ 
mends the following:— 

Glue.100 g. 

Glycerine ...... 500 ,, 

Finest powdered heavy spar or cleansed 

kaolin . . . . . . 25 ,, 

Water .375 

Hectograpi-i Masses According to Wortiia. 

Gelatine.100 g. 

Dextrin ...... 100 ,, 

Glycerine . . . . . 1000 c.cm. 

Barium sulphate . . . . bO g. 

Hectograph sheets which are intended to be used 
only once can be obtained by pouring the liquid 
hectograph mass on to a smooth horizontally placed 
glass plate, and transferring it to porous paper 
before hardening, by pressing it and avoiding the 
formation of air bubbles. Paper and mass com¬ 
bine and can be drawn off. The surface of these 
hectograph sheets is very smooth, and for this reason 
it is eminently suitable for the transmission of writ¬ 
ings, drawings, etc., with very fine lines. 




CHAPTER XII. 


GLYCERINE APPLIED TO THE MANUFACTURE OF 
INKS. 

1. PlECTocfUAPH Inks. 

In order to fix the characters on the hectograph mass 
for subsequent removal, inks of suitable quality must 
be used. These must be so constituted that they can 
be taken by the paper from the hectograph mass and 
adhere firmly to the surface of the latter. The 
particles of the ink should be so fluid that they 
are able to pass from the absorbing block on to tlie 
paper laid on it. 

As the richest colouring matters are used for the 
production of hectograph inks, only a small portion 
of the colour is absorbed by the paper, and by laying 
on fresh sheets ink is again absorbed, so that, as al¬ 
ready mentioned, hundreds of copies can be taken of 
an original. The later copies are of course always 
fainter and fainter, till finally no more copies can Ix^ 
taken, although the characters on the surface of tiu^ 
hectograph are still quite clear. As much of th(^ 
writing has then been absorbed by the paper as is 
possible from the hectograph block; the attractive^ 

n 
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power exercised by the hectograph mass On the ink 
is just as strong as that exercised by the paper, and, 
therefore, no further copies can be taken. 

In order to obtain good hectograph ink, two points 
must be taken into consideration—the colouring 
matter contained in the ink must be very intense 
and the ink should never altogether dry up as 
otherwise the mobility of the particles is paralysed. 
Therefore, for the production of these inks the strong¬ 
est colouring matter is used; these are so-called 
aniline dyes (fuchsin, methyl violet, water-soluble blue, 
iodide green, etc.), in the form of concentrated solu¬ 
tions to which glycerine is added in order to prevent 
drying up of the ink. 

Grlycerine incorporated with the hectograph ink 
not only serves to keep the characters soft, but also 
acts as a solvent for the colouring matter itself, be¬ 
cause only a few aniline colouring substances are 
directly soluble in water, but they easily dissolve in 
glycerine, particularly when it is warmed. 

Therefore, in the production of hectograph inks, 
the best method is to place the weighed-out colouring 
matter in a china mortar, pour over it the requisite 
amount of glycerine, and mix the colouring matter 
with the glycerine by means of the pestle. After 
this has been done for some time, so that no grains 
are noticed in the mixture, the mortar is heated 
to 50°-60° C. and thereby the colouring matter is 
brought into thorough solution, as warm glycerine 
dissolves far more of it. 

If aniline colouring matter soluble in water, for 
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instance water-soluble blue (alkali blue), is used, then 
to the thick solution of the dye in glycerine so much 
water is added that a liquid results, the consistency 
of which is similar to that of a thick ink, and then 
the hectograph ink is ready. 

If an aniline dye, insoluble in water, is used, 
for instance methyl violet, then the thick liquid 
solution in glycerine is diluted with water to the ex¬ 
tent that it becomes as thick as syrup, and so much 
alcohol is then added as is necessary to produce an 
ink of suitable consistency. An excess of alcohol 
should be avoided for the reason that inks contain¬ 
ing too much alcohol thicken so much in the process 
of writing, owing to the volatility of the alcohol, that 
it is not possible to write fine characters with it. 

Prescriptions for Various Coloured Heotog-raph 

Inks. 

Thin blue inks :— 

Water-soluble blue . . . . 10 g. 

Glycerine . . . . . 10 ,, 

Water. 50-100 „ 

These are made by simply warming the substances and 
stirring. 

Violet hectograph ink :— 


A. 

Methyl violet . . . . . 10 g. 

Diluted acetic acid. . . . . 5 ,, 

Strong alcohol . . . . . 10 ,, 

Water . . . . . . . 10 ,, 

Glycerine . . . . . . 5 , 
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Owing to the acetic acid it contains, this ink spoils 
steel nibs and soon makes them blunt; a more 
suitable recipe for violet ink is the following:— 


B. 


Methyl violet . . . . . 10 g. 

Alcohol . , . . . .10',, 

Gum . . , . . . . 10 „ 

Glycerine . . . . . . 15 ,, 

Water. 70 „ 


All the ingredients are placed in a long-necked 
glass flask, constantly shaken and warmed for two 
hours up to about 60° C., and then left to cool. After 
standing for some time the solution is poured off 
from the sediment. 


Bed hectograph ink :— 


Diamond fuchsin . . . . . 10 g. 

Alcohol . ■.10 ,, 

Acetic acid ...... 2*5,, 

Glycerine . . . . . . 10 ,, 

Water . . . . . . . 70 ,, 

The method of preparation is the same as in the 
case of the violet ink B. 

Another recipe is as follows :— 


Diamond fuchsin . . , . . 10 g. 

Alcohol. 10 „ 

Glycerine . . . . . . 10 ,, 

Water . . . . . . . 50 „ 


This prescription in particular results in inks which 
give a large number of clear impressions. 

Green hectograph ink is produced in the same 
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manner as the other inks described, by adding water- 
soluble blue and picric acid to a liquid composed of 
alcohol, water, and glycerine. 

Green hectograph ink :— 


Water-soluble blue . . . . 10 g. 

Picric acid . . . . . . 10 ,, 

Alcohol (90 per cent) . . . . 30 ,, 

Glycerine . . . . . . 10 ,, 

Water . . . . . . . 30 „ 


According to whether more or less picric acid 
is used, a lighter or darker green is obtained. 

Black hectograph ink :— 

Nigrosin or aniline black is insoluble in water. In 
order to produce a black hectograph ink, methyl 
violet and nigrosin are mixed and then treated with 
alcohol and glycerine. A prescription which is re¬ 
commended is as follows :— 


Methyl violet 
Nigrosin 
Alcohol. 
Glycerine 
Gum 


10 g. 
20 „ 
60 „ 
30 „ 
5 „ 


According to Buchhaister, black hectograph ink 
can be prepared in the following manner :— 

Nigrosin . . . . . . 15g. . 

Methylated spirits . . . . . 40 ,, 

Glycerine . . . . . • 100 ,, 

Acetic acid . ,. . . . . 5 ,, 

Water.500 „ 


The Hochster dye works recommend the follow¬ 
ing dyes for the preparation of hectograph inks :— 
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J For violet inks . Methyl violet and crystal violet 

; For green inks . Brilliant green and malachite green 

i For red inks . Fuchsin 

For yellow inks . ' Auramin 

2. Copying Inks. 

i Copying inks are those inks which allow at least 

one very clear copy to be taken of the document 
written with them ; these inks are mostly used in 
business, in those cases where only one copy of the 
document is needed. 

The preparation of copying inks has been looked 
upon as very difficult of accomplishment; at the pre¬ 
sent moment, however, such successful attempts have 
been made that in a short time practically every 
ink can be transformed into a copying ink. A 
good copying ink should possess the property of drying 
slowly and when, after a time, a damp and porous 
sheet of paper is placed on the document, should so 
soften again that part of the ink is absorbed by the 
paper. 

Formerly, copying inks were made by mixing with 
the ink, extract of logwood and grape sugar, two 
substances with very strong water-attracting qual¬ 
ities. This hygroscopic quality prevented entire 
drying of the characters, and therefore after a time 
a good copy of the writing could be taken. 

By the application of glycerine, the production of 
good copying inks has been rendered a very simple 
matter, and every ink by the addition of glycerine 
can at once be turned into copying ink. The amount 
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of glycerine to be used depends on the quality of 
the ink itself and on the length of time the ink is 
required to remain capable of copying. 

The more glycerine added to an ink the longer 
will the documents remain damp, and the copying 
capacity is of longer duration. In order quickly to 
determine the requisite amount of glycerine for a 
particular ink, it is advisable to divide the ink into 
several equal parts—about a teaspoonful—the first 
part should be mixed with 6, the second with 10, 
the third with 14 drops of glycerine, etc. With 
each of these samples a line should be written on 
the same piece of paper, and then after a time a copy 
should be taken of this sheet of paper. The sample 
which results in the best copy is prepared in the 
right proportion, and then the whole mass can be 
mixed with the equivalent quantity of glycerine. 


Glyceetni’. Copying Ink. 


Logwood extract 

100 g. 

Sulphate of iron 

4 ,, 

Potassium chromate 

1 .. 

Indigo carmine 

8 „ 

Glycerine 

10 „ 

Water .... 

500 

This excellent copying ink 

may be prepared by 

dissolving the logwood extract 

at the same time 


with the sulphate of iron and' potassium chromate 
in water, and mixing with the solution the gly¬ 
cerine and indigo carmine. Glycerine, itself a liquid. 
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has only a slightly thickening effect on the ink ; this 
differs, therefore, advantageously from other inks in 
that very fine characters can be written with it, as 
it is sufficiently thin. In spite of this quality, 
copies can frequently be taken, as it penetrates 
very deep into the paper and remains damp for 
some time. 


Copying Ink According to Bottger. 

Bottger’s composition for a copying ink is given 
as follows :— 

Logwood extract . . . . 64 g. 

Soda.16 „ 

Potassium chromate ... 2 ,, 

Glycerine . . . . . 64 ,, 

Gum.16 ,, 

Water ...... 270 ,, 

The logwood extract is dissolved at the same time 
as the soda in water, glycerine and gum are added 
and, finally, potassium chromate, dissolved in a very 
little water (hot), is added to the liquid and stirred, 
and it can at once be taken into use. 

This copying ink is of such a capacity that we 
were able without using a press to take three copies 
of the original document simply by pressure of the 
hand;.in the copying press, that is under strong 
pressure, another two good copies were obtained. 





APPLIED to THE MANUFACTHEE OF INKS 165 

Logwood Copying Ink. 


Extract of Logwood 

- 70 g. 

Vinegar ..... 

• 1kg- 

Water ..... 

• 1 „ 

Sulphate of iron .... 

• 10 g- 

Alum . 

. 20 „ 

Gum ...... 

• 3 ) „ 

Sugar ...... 

• 60 

Glycerine ..... 

• 1-6 „ 

Logwood copying ink according to Btichhaister:— 

50 parts of logwood extract 


6 „ oxalic acid 


35 ,, alum, dissolved in 


1000 „ water (cold) and 


n glycerine are added. 


It is left to settle, boiled, and 60 parts 

of pyroxylic 

acid are added, and it is again clarified by settling. 

Biemingham Copying Ink 


Solution of logwood extract . 

650 g. 

Dextrin ..... 

30 „ 

Alum ..... 

33 „ 

Verdigris ..... 

0-25 „ 

Oxalic acid ..... 

2 

Glycerine ..... 

7-21 

The addition of glycerine is increased if the ink 
is to be used for copying after some time. 

ALLKipmi)’s Copying Ink. 


For copying without the use of a copying press :— 
Ten volumes of ordinary ink should be evaporated to 

six volumes and then over four volumes of glycerine 
should be added. By merely placing the copy paper 
thereon, the writing is copied, but very easily smears. 












CHAPTEE Xril. 

-ibii 

GLYCERINE AS A SOLVENT. 

The property of glycerine easily to dissolve a large 
number of substances which are only dissolved with 
difficulty otherwise, renders the application of glycer¬ 
ine of great use in many trades. As has already 
been mentioned, when describing the qualities of 
glycerine, it possesses the property of dissolving 
easily so-called aniline dyes, which are mostly only 
soluble in strong alcohol, and this property finds 
extensive application in dye works as well as in 
printing works. 

If, for instance, in printing works aniline dyes are 
to be used which are onlj^^ dissolved in alcohol, certain 
difficulties, which are due to the volatility of the 
solvent, must be overcome, as owing to the volatility 
of alcohol the colour easily thickens, and then darker 
shades result than were originally intended. 

This drawback can immediately be remedied, by 
substituting glycerine for the alcohol as the solvent of 
the aniline dye. In order to dissolve the colouring 
matter, first of all a small amount of glycerine should 
be poured over it in order to prevent the finely 
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divided dye scattering as dust, so unpleasant in the 
case of very deep dyes, and the dye should be mixed 
with the glycerine to an even paste. This should be 
stirred constantly and as much glycerine added as is 
necessary to effect the solution, and then this solution 
can by stirring be intimately mixed with the thick¬ 
ening substance whether dextrin, gum solution, 
tragacanth mucilage, etc., which is used for the pro¬ 
duction of the colour, and a printing colour results 
which in addition to the advantage of remaining the 
same on drying, neither dries nor crumbles, and en¬ 
ables the printing of the particular dye on the tissue 
to be accomplished with great facility. 

Prescriptions in connection with colour printing, 
consisting of dissolved aniline dyes, are very nu¬ 
merous and vary according to the shade of colour one 
wishes to obtain. An example of aniline pink is 
the following:— 

I. 


Puchsin . . . . . 0-12 kg. 

Glycerine . . . . . 1*00 ,, 

Water.1*00 „ 

Guinmi arabicum .... 0*84 ,, 

II. 

Albumin . . . . . 3*50 kg. 

Water . . , . . . 3-50 ,, 


In dyeing works in which either yarns or already 
finished textures are to be dyed with aniline dyes, 
the dye is brought into solution by boiling with 
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alcohol, and these solutions are used for dyeing in 
suitable dilution. 

GLyCERINE FOR THE EXTRACTION OF PERFUMES. 

A. very important application of glycerine is in 
obtaining certain substances used in perfumery; 
the most important ingredients in perfumery are, as 
is well known, the essential oils found in sweet¬ 
smelling plants. The quantities of ethereal oils 
found in plants are so small in the case of the most 
valuable, and the separation of them accompanied 
with so many difficulties, that these oils belong to 
the most expensive substances known. Although 
certain plants containing these ethereal oils are ex¬ 
tensively cultivated in certain districts (for instance 
in the south of France, in the surroundings of Cannes, 
Nice, etc.), the demand for genuine ethereal oils 
(violet, mignonette oil, orange flower oil, acacia 
farnesiana oil, etc.) obtained from flowers is so great 
that the exceedingly high prices which are asked for 
these oils are still rising. 

Glycerine is an excellent means of obtaining 
sweet-smelling substances from blossoms of the most 
varied kinds, and particular stress should here be laid 
on the fact that glycerine is eminently adapted for 
the extraction of all sweet-smelling substances from 
parts of plants whether flowers, roots, wood, or fruit 
peels, because it is a solvent for all these perfumes. 

The method used for the extraction of perfumes 
from flowers by means of glycerine consists in the 
following:— 


aLtCERINE AS ABSOLVENT 1(50 

The blossoms are collected in a fresh condition, and 
any green, leaf-like parts removed as far as possible; 
they are then placed in a vessel and concentrated 
glycerine is poured over them. With regard to the 
kind of glycerine to be used for this purpose, the 
greatest attention must be paid to the fact that only 
such glycerine is used which on careful examination 
is proved to be absolutely free from any odour. 

The kind of vessels used for this extraction pro¬ 
cess by means of glycerine depends upon the scale 
of the work; on a small scale, pot-shaped vessels of 
good stoneware are used, and for the treatment of 
large quantities of flowers, wooden vats of corre¬ 
sponding size, the interior of which has been coated 
with para Bin, are used. 

The paraffining of the wooden vessels is accom¬ 
plished in the following manner : After the vessel has 
stood for some days in a dry room, the interior is 
coated with melted paraffin which lias been lieated 
to 150" C., and this coating is repeated for so long as 
the wood will still absorb paraffin. By this means 
the wood is protected against tlie penetration of any 
liquids, and vessels treated in this manner can easily 
be cleaned by washing and brushing with warm 
water. 

It should be observed in tliis connection tliat when 
it is a question of paraffining wooden vessels for the 
purpose under discussion, great care should be taken 
that only an absolutely pure atid, in particular, 
odourless paraffin is used for impregnation as, other¬ 
wise, the smell attaching to inferior paraffin may be 
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imparted to the wood. The flowers in the vessel 
are covered with wooden covers pierced with holes; 
these are lightly weighed down with a stone, and so 
much glycerine poured into the vessel until it rises 
a few centimetres a})Ove the cover. As the flowers 
contain a good deal of water, the glycerine is strongly 
diluted by the water absorbed from these flowers, 
and the vegetable substance contracts. 

This placing of fresh flowers into the vessel con¬ 
tinues for as long as there is a supply of them; on 
adding fresh lots the wooden cover is removed, and 
the fresh flowers are evenly distributed on those 
already in the vessel, the cover is replaced again, 
and so much glycerine added until again it stands 
some centimetres above the cover. 

When the vessel is full, it can remain standing 
until the further work is proceeded with, the portions 
of the plant being perfectly preserved by the glycerine 
and decomposition is not likely to set in. The time 
necessary for complete extraction of the sweet-smell¬ 
ing substances from the flowers by means of gly¬ 
cerine amounts to a few days, and, accordingly, a 
week after the last lot of fresh flowers has been 
placed in the vessel, the glycerine can be treated. 

To this end, a wooden cock fixed at the bottom of 
the vat is opened and remains open for as long as 
glycerine flows out; if stoneware vessels are being 
used, these are turned upside down and the gly¬ 
cerine trickles out. This glycerine smells very strongly 
of the plant substance which was soaked in the vessel, 
and is also dyed with the colouring matter absorbed 
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from the flowers, and carries away with it small 
particles of the petals, etc. 

In order to obtain a clear solution, this glycerine 
which flows out of the vessels is filtered through a 
thickly woven cloth into the vessel destined for its 
reception. The particles remaining in the extraction 
vessels contain considerable quantities of glycerine 
which can be obtained by pressure. To this end 
the pap-like mass is poured into a sack of very 
strong and thick texture, it is tightly tied, and thor¬ 
oughly pressed in a powerful spindle press. The 
liquid which is pressed out of these sacks is as a rule 
more deeply dyed than that which flows out volun¬ 
tarily and is also filtered. 

On filtering the glycerine containing these perfumes 
in solution, care must be taken that the work pro¬ 
ceeds as rapidly as possible, as the air has an injurious 
effect on the aroma of the essential oils; therefore, 
once the work is commenced it should be carried 
through without interruption to the end. 

The clear solution of these extracted substances in 
glycerine can then at once be used for the production 
of certain articles of perfumery; if, for instance, a 
suitable quantity thereof is mixed with a thoroughly 
neutral fat, a pomade is at once obtained which has 
the odour of the treated flowers in all their freshness ; 
if soap, which has been cut into shavings, is mixed 
with this glycerine, and this mixture is milled by 
means of the well-known mixing apparatus, the re¬ 
sult of this simple work is that some of the finest 
toilet soaps with exquisite aroma are obtained. 
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By a careful addition of water to this perfume 
solution in glycerine, the former can be diluted to a 
certain extent, without the liquid losing anything of 
its clearness; but if this addition of water goes be¬ 
yond a certain extent the liquid commences to opalesce 
and on adding more water becomes sometimes quite 
muddy; the essential oils and other substances which 
are extracted from the flowers are only soluble in a 
liquid which contains a certain quantity of glycerine, 
and are therefore separated when too much water is 
added. 

Solutions of aromatic substances in glycerine, 
diluted with water to a point approaching that at 
which turbidity sets in, still retain the fresh smell of 
the flowers and can be used for very fine toilet 
washing water. In order to proceed further with 
the dilution than is possible with water alone, as 
soon as the turbidity point is reached, strongly diluted 
methylated spirits at 10-15 per cent, which must be 
free from fusel oil, is added and this prevents 
separation of the essential oils. 

But in many cases it is a question of obtaining 
these aromatic substances in an absolutely pure state, 
and in this connection the glycerine solutions are 
treated in the following manner:— 

The glycerine which has been drawn* off from the 
flowers and filtered is placed in large glass bottles, 
closed with corks which are most carefully fitted into 
the necks of the bottles. Before the glycerine is 
placed in these bottles, so much pure benzol is placed 
in them until they are filled with it to about one 
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quarter of their volume and then so much ^lyceriiu'. 
is poured in until they are three quarters iillcul. It 
is of importance that the benzol should be poured in 
the bottles before the glycerine so that these botth^s 
should be filled with the vapour of the beiii^ol, and 
on adding the glycerine the greater part of tli(‘, a,ir 
which was contained in the bottle is forcc^l out by 
the benzol. 

After the bottles have been closed, they a-rc', well 
shaken, so that the glycerine mixes with tlu^ Ixaizol, 
and this shaking is repeated daily several tin)(*.s. 
After several days the greater part of tht^ aromatic 
substance has been dissolved in the benxol wliicli 
floats on the glycerine (insoluble in beiiyiol) ; the 
glycerine, however, obstinately retains part of tlu'. 
aromatic substances, which cannot beextracdaul ('.von 
by repeated treatment with benzol. 

The solution of aromatic substances in biuizol 
is separated by pouring off from the glyce.ri ^u^ [da-ciing 
it in a distilling apparatus, and heating to tlu^. boiling- 
point of the benzol, when the latter distils ov(‘.r and 
the aromatic substances remain in the distilling 
apparatus. They still contain traces of bcmzol and 
these are removed by introducing a stream, of (‘ 411 '- 
bonic acid divided into very fine jets, which carries 
away the traces of benzol in the form of vapour and 
leaves the aromatic substances quite pure. 

In this manner aromatic substances cum b(‘, ob¬ 
tained from hyacinths, violets, lilies of the valh^y a<nd 
certain sweet-smelling orchids of our woods, niignon- 
ette, roses, etc., in short, the most exquisite arc- 
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matic substances of the plant world can be obtained, 
and for this reason glycerine deserves the consideration 
of all those interested in the production of perfumes 
and particularly in obtaining essential oils from fresh 
flowers. It is a fact, however, that this process 
which, under certain circumstances, is so highly to be 
recommended, is hardly resorted to at all in practice. 

Glycerine usee in the Prepajiation of 
Cosmetics. 

Among the numerous preparations sold to the public 
under the name of beautifiers ” or cosmetics by per¬ 
fumery manufacturers, glycerine ranks as one of the 
first, as, if properly applied, it possesses the quality of 
imparting to the skin brilliance, softness, and delicate 
colour. 

The proper method of application of glycerine in 
connection with the care of the skin is not in a con¬ 
centrated form, but diluted with a suitable quantity 
of water. If concentrated glycerine is brought in 
contact with parts of the body which are covered 
with delicate skin—for instance, the lips or finger 
tips, there is immediately a strong sensation of 
warmth due to absorption by glycerine of the water 
in the skin. 

By the sudden absorption of this water, the skin is 
easily injured, the soft cells forming the tissue of the 
lip skin are killed, they shrink and peel off as soon as 
a fresh layer of skin is formed underneath. As, 
therefore, by the application of concentrated gly¬ 
cerine the skin is not preserved but so to say 
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killed,” this preparation should always be diluted 
with water before application. 

Most astonishing is the action of glycerine on a 
skin which has been strongly tanned l)y the sun; 
whereas it would otherwise take several weeks before 
a skin tanned hj the sun is bleached again, the appli¬ 
cation of glyceriue bleaches it in a few days. 

The action of glycerine in most cases is easily 
explained by its wonderful solvent action on the 
most varied substances. This tanning of the skin by 
the rays of the sun is to be ascribed to a deposit of 
colouring matter in certain cells of the skin. If 
glycerine is rubbed into the skin, it penetrates very 
deep into the tissues and dissolves the colouring 
matter; by subsequent washing, the glycerine ab¬ 
sorbed by the skin is removed for the gi'eater part, 
and at the same time the dissolved colouring matter 
is washed away, so that in a short time the skin is 
bleached again. 

Glycerine for cosmetic purposes can be prepared 
in various manners and made aromatic by mixing it, 
for instance, with orange-flower water, or with water 
and eau de Cologne, etc.; or also by mixing glycerine 
with aromatic flowers in the same way as has been 
described in the preceding section. All these addi¬ 
tions are of no cosmetic value, this is to be attributed 
to glycerine alone: aromatic substances merely 
render the application of glycerine more pleasant. 

As glycerine removes the colouring matter due to 
the action of the sun’s rays, so it can also remedy 
certain blemishes of the skin which are also due to 
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deposits of colouring matter, as, for instance, moles 
and freckles, and if it does not remove them alto¬ 
gether, at any rate they are diminished, as glycerine is 
a solvent for these colouring matters. 

An already clear and delicate skin is enhanced 
both as to freshness and smoothness by the applica¬ 
tion of glycerine, a phenomenon which can be 
explained by the fact that the cells of the outer skin 
attain a higher degree of transparency owing to the 
action of the glycerine, and the faint pink of those 
parts under the upper skin is made more distinct. 

Por the softening of and rapid removal of horny 
substances in the skin, such as, for instance, are 
formed on hands owing to some unusual work, gly¬ 
cerine is eminently suitable, as after repeated rubbing 
of these thick horny cells of which these disfigure¬ 
ments are formed, much glycerine is absorbed, and 
consequently they become so soft that by scraping 
them with a file made of sharks’ skin, or with a 
blunt knife, the greater part of this horny substance 
can be removed. 

Diluted glycerine is excellent for the hair and skin. 
Some people com];)lain a great deal of dandruff, which 
is to be attributed to the dying of the upper layer of 
the skin. By washing the head with diluted glycerine 
this drawback is remedied in the case of many 
people, as owing to the water-attracting and softening 
action of glycerine, this peeling off of the upper skin 
is prevented. 

We now give a number of prescriptions for the 
preparation of various articles of toilet in which 
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glycerine plays an important role. Readers who 
may care to interest themselves further in the sub¬ 
ject should read the work on ‘^Cosmetics” by T. 
Roller, published by Scott, Greenwood, & Son, 
London. 


Glyceuine Emulsions. 
A. Glycerine Creams :— 

Glycerine 
Almond oil 
Eose-water 
Spermaceti 
Eose oil 
Wax . 


400 
350 „ 
100 „ 

32 „ 


Wax and spermaceti are melted at a gentle heat, 
first of all the almond oil is added, then the glycerine 
mixed with the rose-water, and finally rose oil, which 
can be replaced by some other sweet-smelling oil or 
compound perfume. If the preparation is to be used 
in the summer, it is as well to increase the wax by 
half, for this imparts more consistency to the whole 
mass. 

B. Glycerine jelly:— 


Glycerine . 
Almond oil 
Soap . 
Orange oil 
Oil of thyme 


1kg. 
3 i7 


150 g. 


10 

20 


jt 


Soap is mixed with glycerine, then gradually the 
oil and finally the aromatic substances are added. 
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Eemedy eob Bbittleness of the Haie. 

Glycerine . . . . . . 2 g. 

Water . . . . . . .11. 

Eose-water . . . . . • 1 ,, 

Colour pale red with cochineal. 

KaEoderm. 

Whe^bt flour.2 kg. 

Almond paste ..... 0’5 „ 

Orris root ...... 0-5 ,, 

Essence of rose . . . . . 0*5 1. 

Glycerine ...... 0*2 ,, 

are mixed to a paste, diluted with water, and then 
applied to the skin. 

Pdte au Muse (for a hand wash) :— 

Powdered white soap ... 1 kg. 

Orris root ..... 0*25 „ 

Starch meal . . . §; . 0*25 „ 

Oil of lemon . . . . . 20 ,, 

Neroli oil.10 „ 

Essence of musk .... 0*05 1. 

Glycerine ..... 0*40 ,, 

Boil until it forms an even paste, then fill into flat 
porcelain jars. 

Eau glycerinSe mix cimtharides (glycerine can- 
tharides water) :— 


Ammonia liqwkla .... 100 g. 

Tincture of cantharides . . . 100 ,, 

Eosemary water . . . ..81. 

Glycerine ...... 300 g. 

Eose oil.20 „ 
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The tincture of cantharides is prepared by di¬ 
gesting 50 g. of powdered Spanish fly (Lyttcc- 
vessicatoria) with 11. of strong alcohol. The caustic 
ammonia has the same cleaning and degreasing ac¬ 
tion as potassium carbonate ; glycerine imparts to the 
hair softness and suppleness. The whole composi¬ 
tion is very well combined, inasmuch as it has a 
cleansing effect on the hair and at the same time 
imparts softness. 

Preparations which have been in use for years are 
glycerine jellies. These have the advantage over 
lanoline that they are more economical, but on the 
other hand possess the drawback of not being so 
cpickly absorbed. Either tubes or glasses are filled 
with these preparations ; in any case the latter are 
preferred as they are more easy to manipulate. 

A good prescription for these glycerine jellies is as 
follows:— j 

Finest white tragacanth powder . 50 g. damped with 

Alcohol ...... 100 ,, and 

Glycerine ..... 200 „ 

and thoroughly shaken; then quickly mixed with 
C)50 g. of water (warmed and distilled) and again 
shaken. Immediately a transparent jelly is formed 
which can at once be bottled. 

Glycerine Creams. 

A. Glycerine cream :— 

Almond oil ..... 1 kg. 

Wax.70 g. 

Spermaceti . . . . . . 70 ,, 
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Glycebine Creams— { cont ,) 


Glycerine , . . . . 

200 g. 

Bergamot oil .... . 

20 , . 

Lemon oil ..... . 

20 „ 

Geranium oil .... . 

20 „ 

Neroli oil ..... . 

10 „ 

Cinnamon oil . . . . . 

10 „ 

Eose-water *..... 

500 „ 

B. Glycerine cold cream :— 

Almond oil ..... 

1kg. 

Wax . . . . i . . 

130 g. 

Spermaceti ..... 

130 

Glycerine . ..... 

250 „ 

Bose oil. 

10 

Civet . 

2 „ 

Prepabation of Hair Petroleum. 

For the preparation of hair petroleum 

the follow- 

ing prescription is given:— 

Best petroleum (American Kaiser oil) . 

5 kg. 

Tincture of nettles (obtained from 2 kg. 
of nettle root, 7 kg. of alcohol, and 3 

kg. of distilled water) 

10 

Glycerine. ...... 

5 „ 

Alcohol ...... 

48 „ 

Distilled water ..... 

40 „ 

Essential oil for perfuming . 

2 

The petroleum which has previously 

been per- 

fumed is mixed with alcohol at 96 per cent, and both 

are heated almost to boiling temperature 

in order to 

obtain thorough mixing and solution. 

After this, 


distilled water is added to the solution and the 
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remaining ingredients are added in the proper 
order. 

Hair petroleum effects the solution of the fatty 
substances of the hair, and also loosens the thrown- 
off epidermis in the form of dandruff, and imparts to 
the hair brilliance and suppleness. 



CHAPTER XIV. 

VARIOUS APPLIOATIONS OP (ILYCJKRINP. 

Glycerine used in the MANiii'AcrruiM^ tioAw 

Soaps which are prepared accordin^^ to the', old pro¬ 
cess contain only very little f(lyccrinc; the inanulac- 
ture of these soaps (curd soaps) is accoMiplished l)y 
saponifying the fat with lye previously obtained from 
wood ashes (potash lye), and the soap so formed is 
by the addition of cooking salt transformed into soda 
soap, and this, by adding an excess of cooking salt, is 
separated (salted out). 

In this method of manufacture nearly all the gly¬ 
cerine which results from the decomposition of tli('< 
fat goes into the lye underneath, and ovcri now is 
often thrown away and not used, ddiesc soups 
which in stearic acid manufactories arci ()l)tained by 
saponification of the oleic acid witli soda lyc'. contain 
no glycerine on account of the method of prepaj'ac¬ 
tion. 

Since soap has been made by direct saponifica¬ 
tion of fat with concentrated soda lye, it has bcuui 
possible to impart to it, in spite of the high contevnts 
of water, a sufficient degree of hardness, and therefore 
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the whole salting out process can be dispensed with, 
by boiling the soap in the vessel for so long until a 
sample on cooling shows sufficient consistency. 

Soaps made in this manner contain the total 
amount of glycerine in the fat originally used, and, 
therefore, have a beautifying effect on the skin, be¬ 
cause the glycerine contained in the soap easily 
penetrates into the tissue of the skin and imparts to it 
softness and suppleness. 

If to an ordinary soap (tallow curd soap) glycerine 
is added and the soap melted with this, the result is 
a product, which, as regards suitability for toilet pur¬ 
poses, has a distinct advantage over ordinary curd 
soaps. A certain quantity of glycerine in a soap 
renders it easily soluble in water and hereby causes 
a good lather, and, furthermore, imparts to the soap 
a nice transparent aj)pearance. 

As is already known, glycerine soaps caxi now 
be obtained quite cheaply, they are quite transparent, 
and look almost like yellow glass, and also have the 
quality of making a good lather. 

Before glycerine was applied in soap-making, 
transparent soaps could only be obtained by dissolv¬ 
ing perfectly dry soaps in alcohol, and the alcohol 
was then distilled from the soap. These soaps were 
certainly very transparent, but on account of the 
small percentage of water contained, were only dis¬ 
solved with difficulty and, therefore, hardly suitable 
for toilet purposes, and moreover — owing to the 
troublesome preparation—could only be obtained at 
foirly high prices, 
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Now hardly any transparent soaps are made in 
this manner, but for this purpose glycerine is ex¬ 
clusively used, which also possesses the advantage 
that by dissolving the colouring matter in the gly¬ 
cerine it imparts nice colours to the transparent 
soap. 

If to heated glycerine, which has been diluted with 
about one third of its volume of water, as much finely 
cut soap is added as can be dissolved therein, without 
the mass on cooling becoming hard, a product is the 
result which in the trade is known under the name 
of ^‘Liquid Glycerine Soap” or ^‘Glycerine Cream” 
and, coloured and scented in various manners, forms 
a very valuable toilet adjunct. 

If in the process of soap making pure glycerine 
is replaced by a glycerine which contains different 
medicinal substances in solution, then in this manner 
soaps can be obtained which can be designated as 
cosmetic-medicinal soaps as they beautify the skin 
and also act medicinally. 

The solvent action of glycerine on scents and 
colouring matters can be made use of by dissolving 
these substances in suitable quantities in the glycer¬ 
ine, and merely combining this solution with soap. 
In order, however, to obtain the better quality 
glycerine soaps, there is a special process, and this is 
carried out either by adding and stirring the appro¬ 
priate quantity of glycerine and sugar solution into the 
soap after it has been boiled and then letting it cool 
in moulds, or by melting ready-made soap and adding 
glycerine, or, finally, by preparing a solution of 
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soap in alcohol, mixing this with glycerine, and then 
distilling off alcohol. 

According to the first process, soaps of alahaster- 
like appearance can be obtained; if the second 
method is resorted to, soaps are made the trans¬ 
parency of which is similar to that of a dimmed glass ; 
with the latter, however, and the exercise of care, 
such soaps can be made which are perfectly trans¬ 
parent, and if no colouring matter is added they have 
the appearance of yellow glass. 

It is unfortunately impossible to discuss in detail 
in this work, which is dedicated to the application 
and properties of glycerine, the very extensive and 
important application of glycerine to toilet soap manu¬ 
facture. Those who are interested in this subject 
and would like further details should read the 
work on Soaps'’ by G. H. Hurst, j)ublished 
by Scott, Greenwood & Son, London. Here we can 
only give a few indications as to the production of 
glycerine soaps. 

If it is intended to make glycerine soaps by direct 
saponification—crutching—then the filling substances, 
glycerine and sugar, should be added to the soap 
mass immediately after saponification. 

The production of soap by direct stirring with 
glycerine has been modified, in such a manner that 
a soap is obtained which is filled, coloured, and scented 
and further has a very high degree of transparency. 
The process used is the following:— 
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Eefiaed tallow. 
Coconut oil . 
Hog’s lard . 

Soda lye 40^" B6 . 
Potash lye 40° B6 
Glycerine 28° B6 . 


. 80 kg. 

. 40 „ 

. 80 „ 

. 90 „ 

. 10 „ 

. 20 „ 


The boiler in which the production of the soap 
takes places is generally a fairly shallow one and pro¬ 
vided with a stirring device. Above the pan there 
is a cask containing the lye; through a glass pipe 
which by means of a rubber tube is fastened to the 
cock of the cask, the lye can gradually be admitted 
to the contents of the pan. The glycerine is in a 
lead vessel which stands rather high and which also 
must be supplied with a cock and glass pipe. 

For the production of fine coloured and highly 
transparent soaps, it is absolutely necessary to use 
very pure raw materials ; in the case under djscussion 
it is strongly recommended to use the lye obtained 
by means of lime, not that prepared from wood ashes 
but that from potash, as lye obtained from wood ashes 
is generally of a fairly dark colour. Skill is needed 
in dissolving the potash; generally one and a half 
times its weight in water is poured over it, and for 
this purpose very cold water is used. In this the 
potassium carbonate only is principally dissolved, as 
the foreign salts remain undissolved. The solution 
is separated from the deposit, diluted sufficiently with 
water, and rendered caustic with lime. 

Before proceeding to the real saponification the 
uwed lyes are placed in the cask and the glj^ceripe 
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in its receiver. The colouring matters to be used 
are at once dissolved in the glycerine (for the case 
in question soluble colouring matter must be used, as 
by using non-soluble colouring matter the soaps will 
not be transparent), and to the glycerine is added 
the aromatic substance for scenting the soap. 

In order that the mixture of the solution of 
colouring matter and aromatic substances with the 
glycerine should be thorough, part of the glycerine 
is placed in a china bowl, heated up to about 60'"- 
80'' G. and the colouring matter (fuchsine red, methyl 
violet, iodide green, etc.) in solid form is added ; 
by stirring with a pestle it is spivad through the 
liquid, and solution follows in a very short time. 
After the glycerine has cooled again, the aromatic 
substances are added, and the liquid poured into the 
glycerine receiver. The dish is rinsed out with 
glycerine and the solution in the glycerine receiver 
is stirred with a glass rod and mixed with the 
remaining glycerine. 

Then so much lye is placed in the pan that it 
stands about a hand high, and it is heated to about 
lOO" C., when the fat is added, and by the movement 
of the stirring device it melts on the hot liquid. 
When all the fat is melted, all the lye is poured in in 
a thin stream and constantly stirred, and this heating 
and stirring are continued for so long until the soap 
shows the requisite quality. If too thick, owing to 
strong evaporation of the water, this can be remedied 
by adding and stirring in the necessary quantity of 
hot water, 
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The soap still under the process of stirring is allowed 
to cool as much as possible without it thickening, 
and then the glycerine, that is the solution of colour¬ 
ing matter and perfume in glycerine, is,slowly poured 
in and mixed with the soap by constant stirring. 
The whole work is easy of accomplishment, if care is 
taken that the stirring apparatus moves easily and is 
in good working order, as otherwise constant stirring 
is certainly a very tiring process. 

The soap, now finished, is placed in cake moulds 
and in these left to cool slowly. The longer tlu; cool¬ 
ing takes place the more transparent will tlie soap 
be ; as these soaps contain dissolved substances only, 
there is no reason to fear separation of the colouring 
matter, and the finished cake of soap has an even 
appearance. 

If glycerine soap is to be made by remelting, first 
of all water is placed in the pan, this is heated, the 
pieces of soap are added, mixed by stirring with, the 
water, and as regards the addition of glycerine, colour¬ 
ing, and aromatic substances, the same iirocess is 
followed as above described. 

Peoduction of Teansfaefnt Glycfiune S(.>Ars. 

Ordinary soaps are not transparent, or only faintly 
so, as the sodium salts of the fatty acids are present 
in- a crystallized state, and the crystals reflect the 
light in different directions. Snow which consists of 
colourless ice crystals appears white and non-trans¬ 
parent as the surfaces of the crystals reflect the light 
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in all directions. Just the same thing occurs with 
soap crystals. 

Snow sodden in water is very transparent be¬ 
cause the water in the spaces between the crystals 
alter the light refracting conditions. If to a soap 
light refracting glycerine is added, something similar 
takes place as when soaking snow in water, and the 
result is that glycerine soaps have a very transparent 
appearance. 

Perfectly transparent glass-like soap can only be 
obtained if the soap is not crystallized but amorphous, 
and this can only be obtained by adding to the soap 
methylated spirits, glycerine, and sugar. 

As soaps made in this manner are very hard and 
also require a long time to dissolve in water and 
make a lather, it is advisable from the outset to use a 
softer soap. If, however, transparent soaps are filled 
with glycerine as is now almost always the case, 
and large quantities of glycerine used, then this cir¬ 
cumstance is less significant, as glycerine already 
makes the soap softer and, being itself a substance 
easily dissolved in water, increases the solubility 
of the soap. 

The soap is cut into shavings by a planing ma¬ 
chine ; in this case, however, it is necessary to use 
a mill which gives very fine shavings, not thicker 
than a sheet of writing paper. These shavings are 
spread out in thin layers on linen stretched out on a 
frame and then thoroughly dried in a drying room. 
The drying process must continue until the shavings 
crumble to dust on being pressed between the fingers, 
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which can be taken as a proof that tiie soap 
solntely free from water. 

. The dry shavings are then taken from tlic drying- 
room and placed in the retort of a distilling appai-atus, 
the head of the latter is fixed on and 90 per c(vnt 
alcohol poured into the retort. The stirring dcwicu^ 
of the distilling apparatus is set in motion, and the< 
contents of the retort slowly heated until it Ixdls, 
when the soap is dissolved in the alcohol into a past(^- 
like mass. The evaporating alcohol is condensed in 
the cooling coil of the distilling apparatus and caught 
in a bottle placed before the opening of the coil. 

As soon as it is certain that all the soap has becui 
dissolved, the glycerine mixed with the colouring 
matter and perfume is introduced into tlui retort 
through a tube fitted into the head, and mixed with 
the soap paste by constant stirring. The lieating is 
continued until all the alcohol used for dissolving 
the soap is distilled off, the soap is then run into 
moulds in which it rapidly solidifies.^ 

If the operation is carried out in tlu^ 
manner (the essential point is that the soa,p should 
be free from water and absolutely dissolvtul in tlu^ 
alcohol) it is perfectly transparent in the moulds. 

According to the modern and now universally 
adopted practice; the saponification is accomplisluMl 
solely with soda lye, the fatty ingredients consist 
mostly of tallow, coconut, and castor oil, and oc¬ 
casionally, in order to obtain hard soaps, sttxirine is 

(Translator's Note.—It is impossible to distil off all tlu^ abudiol 
from tbe soap.) 
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also added. It is advisable to filter the melted fats 
in order to remove any impurities. The 40 per 
cent soda lye necessary for the saponification is 
then mixed with half the quantity of methylated 
spirits, and added to the melted fat in the pan at 
a temperature of about 60°. In order to prevent as 
far as possible evaporation of the alcohol, the pan 
should have a cover that fits very w^l. 

Saponification then follows very rapidly, and when 
all the fat is saponified the solution of sugar and 
glycerine in distilled water, to which half the amount 
of methylated spirits has been added, is well stirred 
in. The temperature of the contents of the pan is 
then raised to about 85° land kept at this for an 
hour and the pan must remain covered. If a sample 
of the soap is then poured on to a glass plate and 
left to solidify, it should be transparent (not dull and 
dirty) and firm. 

The soap is then let cool to 70° and at this temp¬ 
erature coloured. When the temperature has sunk 
to 68° the perfume, dissolved in the remainder of the 
alcohol, is added. 

If the perfume contains large quantities of oil, 
then to a batch of soap as much 20° potash lye 
must be added again as is equal to the weight of 
the oil containing aromatic substances ; unsaponified 
oil would dim the transparency of the soap. Trans¬ 
parent, excellent soaps can be obtained according to 
Deite as follows :— 
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Tallow .... 

50 kg. 

45 kg. 

Cochin-Coconut oil 

45 „ 

40 „ 

Castor oil . 

15 „ 

25 „ 

Soda lye 40° B^-.. 

50 „ 

50 „ 

Methylated spirits 90 per cent 

35 „ 

30,. 

Sugar . . . . , 

20 „ 

25 „ 

Distilled water . . . , 

20 „ 

20 „ 

Glycerine 28° Be 

25 ,, 

22 „ 


For colouring only pale yelLow (lemon or wax 
yellow) colouring substances are used. For scenting 
the following are used :— 


Geranium oil ..... 240 g. 

Verbena oil . . . . . . 200 ,, 

Palma Rosa oil . . . . . 160 ,, 

Bergamot oil.170 „ 

Bitter almond oil . . . . . 10 ,, 

Tincture of musk . . . . . 20 ,, 

Geranium oil ..... 240 g. 

Oil of lavender ..... 160 ,, 

Oil of cinnamon . . . . . 140 ,, 

Caraway oil.120 ,, 

Clove oil.100 ,, 

Tincture of musk . . . . . 20 „ 


Production of Liquid Glycerine Soaps. 

Liquid glycerine soap of the consistency of syrup 
is at present a much sought after toilet adjunct, and 
is mostly coloured with pale brown (honey glycerine 
soap) or with pale pink and perfumed with ger¬ 
anium oil (rose glycerine soap) and supplied to the 
trade. 

Particularly fine specialities in glycerine soaps are 
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mignonette glycerine soap (perfumed with mignon¬ 
ette oil and coloured pale green) and lavender gly¬ 
cerine soap (scented with lavender and coloured, 
pale blue).. 

As regards its constitution glycerine soap is a 
potash soap, dissolved with or without addition of 
alcohol in very little water and mixed with scented 
and coloured glycerine. It is produced by saponifica¬ 
tion of pure olive oil with potash lye, and dissolving 
100 parts of this soap in a mixture composed of 50 
parts of water and 50 parts of alcohol at 40 per cent 
and adding lO parts of glycerine. This soap solu¬ 
tion is a yellow brown and a certain amount of 
colouring matter need only be added in order to ob¬ 
tain the honey-coloured article. 

Pure potash oleine soap is an excellent material 
for the manufacture of liquid glycerine soaps, and 
these can be made without using alcohol. Oleine 
or oleic acid (from stearine works) is placed in glass 
bottles and stored for several months in a cool place 
the temperature of which can sink to 0°. During 
this time, the greater part of the stearic and palmitic 
acid dissolved in the oleine sinks to the bottom of 
the bottle in a crystalline mass and the liquid above 
it appears quite clear. It is carefully poured off 
from the deposit, filtered through thick linen, in 
order to retain all foreign substances which may be 
floating aboiit in it, saponified in the cold with 
caustic lye made from potash, and the total amount 
of the glycerine, with the exception of a very small 
quantity^ is added, 
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This remainder of glycerine is used in order to 
dissolve in it the colouring and aromatic substances, 
and is only added when the soap has cooled. If the 
cooled soap should be too thick, then this draw¬ 
back can be remedied by the addition of a fairly con¬ 
centrated pearlash solution (not caustic). The 
ordinary proportion of the glycerine addition to this 
soap is 8 parts of glycerine to 1 part of oleine, to be 
saponified. 


Glycemne Cold Ceeam: Soap. 

The following directions are given for the pro¬ 
duction of glycerine cold cream soap >— 

30 kg, of coconut oil, 20 kg. tallow, 8 kg. of castor 
oil, 2 kg. of crude palm oil are heated together at 
75° C.; 80 kg. of caustic soda lye at 80 per cent arc 
added and stirred, 2 kg. of glycerine and Ivg. of 
spermaceti, this latter having previously been warmed 
to 75° C., are added and stirred in. 

Then the soap is covered up and hvll to lu^at 
spontaneously, which will have taken place in al)()ut 
one hour and a half. A clear yellow, firm soa]) is 
the result which is very similar to a settled soap. 

The soap is now placed in the mould and per¬ 
fumed with 50 g. cassia oil, 50 g. bergamot oil, 100 g. 
lavender oil, 60 g. of tincture of musk, 8o g. tincture 
of benzoin, 20 g. wintergreen oil, 80 g. clove oil, and 
10 g, cinnamon oil. 
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Glycerine Applied in Medicine. 

Owing to its softening and dissolving properties 
glycerine is widely applied in medicine. It is used 
either as a solvent for certain substances, for instance 
for pepsine, or for the production of preparations 
with a softening action. Glycerine plaster of the 
German pharmacopoeia is made, e.g., by warming 
1 part of wheat starch with 10 parts of glycerine in 
a water-bath for so long until the starch has formed 
into a paste, and consists therefore of a paste mixed 
with glycerine. The great dissolving properties gly¬ 
cerine possesses for many chemical preparations 
enables the incorporation in this paste of a large 
number of medicinal preparations, and in this 
manner renders it possible to produce medicaments 
which must be of very powerful efficacy, as glycerine 
is easily absorbed by the skin. 

Many preparations which are used for cracked skin, 
redness, also as remedies for chilblains, contain gly¬ 
cerine, and owe the greater part of their efficacy to 
the glycerine contents. 

Licjuid soaps for medicinal purposes can be made 
according to the following prescriptions :— 

Liquid Tar Soars. 

Two hundred parts of tar are mixed with 400 
parts of oleic acid, slightly warmed and filtered. The 
water contents has no detrimental action in this case. 
This is warmed in a water-bath, stirred and neutral¬ 
ized with a little alcoholic potash solution. To the 
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soap formed, 100 parts of alcohol are added, and 
further, some olive oil in order to prevent irritation 
by any excess of potash, and made up with glycerine 
to 1000 parts. This 20 per cent tar soap is said to 
comply with the highest claims. Mixed with two 
parts of distilled water, the soap leaves no deposit 
on the sides of the vessel. 

Liquid Storax Hoaps. 

The process is the same as that in the case of the 
soap just discussed. The digestion with oleic acid 
enables raw storax balsam to be used, from which 
the grosser impurities are removed by filtration. 
The'finished soap settles out; it must therefore be 
well shaken, and should be stored in dark-coloured 
glass vessels. 

Superfatted Liquid Lanoline Glyoerine Soaps. 

A soap recommended as an excellent toilet adjunct 
can be made as follows : About 10 per cent lanoline 
is dissolved in oleine, saponified as in tlic case of the 
tar soap and scented, and most suitable for this pur¬ 
pose is a solution of coumarin in geranium oil. 
Further, to the finished soap, tincture of benzoin can 
be added. 

A soap intentionally made alkaline, corresponding 
to the ordinary glycerine soaps, is particularly suit¬ 
able for disinfection purposes, and for this reason 
should realize a good sale. 
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Liquid •‘Antiseptic Soaps 

“ • 

of best possible neutrality can, according to Antoine, 
be obtained as follows :— 

Caustic potash at 70 per cent, as free 


as possible from carbonate . . 50 g. 

Sweet almond oil ... . 200 ,, 

Glycerine (30° B6) .... 100 ,, 

Distilled water . . ‘ . . . 1000 ,, 


The potash is dissolved in twice its weight of water, 
and the oil and glycerine added and stirred round. 
The remainder of the water is then added and the 
mixture is kept in a water-bath twenty-four to thirty- 
six hours at 60*"-70° C. The non-saponified oil is 
taken off and a jelly-like mass is obtained of which 
900 g. are mixed with 70 g. of alcohol at 90 per cent, 
and 10 g. each lemon, bergamot, and verbena oil. 
This is warmed for a few hours at 60° C., cooled, 
and the separated potassium stearate filtered through 
cotton wool. The filtrate then remains clear. It 
contains 0-8 to 1 g. of free alkali in the kilogram. 
This can be neutralized by introducing a stream of 
carbonic acid or by the addition of a glycerine solu¬ 
tion of tartaric acid. 

Glyc!euine as -tAddition to Wine, Beee, and 
Liqueues. 

In the spirituous fermentation of wine-must, beer- 
wort, brandy mashes, etc,, in a word, in every case 
in which alcohol is formed by a fermentation process. 
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glycerine also is formed ; the following may be taken 
as general products of fermentation—alcohol, carbonic 
acid, and glycerine. 

The quantities of glycerine resulting from fermen¬ 
tation vary considerably, and in wine amount to be¬ 
tween 0-2 and 2-0 per cent, whereas in beer, brewed 
according to German methods, there is, on an average, 
0*6 per cent of glycerine. 

It has been found that the glycerine contents of 
wine has much to do with its flavour, and that in 
addition to the sweet taste possessed in a high de¬ 
gree by glycerine, it also imparts to it those qualities 
which are designated as maturation and oiliness. 

This maturation cannot be explained in words, it 
must be recognized by practical experiments. The 
quality of the oiliness of the wine consists therein 
that when wine is swung round in a glass on flowing 
down it leaves on the sides of the glass oily streaks, 
this is generally looked upon as a good quality of 
the wine and highly esteemed by consumers. 

In addition to the qualities mentioned, glycerine 
possesses that of masking the rough sour taste pe¬ 
culiar to wines cc^ntaining much acid, and herxiby 
renders the taste of tlie wines in (question much more 
pleasant. 

Since it has been possible to obtain comnus-cial gly¬ 
cerine of such a high degree of purity, exttuisive a])pli- 
cation. has been made of it to the wiiu^ trade, and to 
some wines certain quantities of glycerine liave bcuyn 
add(3d in order to render tlie taste mikhvr, more 
mature, and at the same time make tlui wine morc^ 
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oily ; this addition has been designated as Scheeler- 
iziiig or glycerinizing wines. 

We would, however, lay particular stress on the 
fact that the modern law in connection with foodstuffs 
has condemned and prohibited the adulteration of 
beverages with glycerine. When we make mention of 
the subject in this connection, we only do so to draw 
attention to this fact and to the distinct warning not 
to add glycerine to beverages intended for sale. And 
it would not be wise for anyone to attempt to do 
tliis in the hope that the slight addition of glycerine 
will not be detected. The chemistry of foodstuffs 
has nowadays made such rapid strides that this 
would be no difficult task at all, although, as we have 
ahxmdy mentioned, glycerine is a normal product 
of alcoholic fermentation. However, the individual 
component parts of a natural wine, etc., exist in the 
wine in certain proportions which vary but little, 
''riiis would at once be a help in detecting the addi¬ 
tion of glycerine, alcohol, sugar, etc., that is of ab¬ 
solutely normal ingredients of wine, as thereby the 
normal proportion of the substances would be altered. 

The quantity of glycerine to be added to a hecto¬ 
litre of wine is best ascertained by first adding 50 g., 
(u|ual to a thousandth part of the weight of the wine, 
mixing it thoroughly, and tasting a sample. If this 
proves insufficient, then further amounts of 10 g. of 
glycerine are added, until the wine as regards matui’a- 
tioii and oiliness has acquired the requisite quality. 

It must be remarked in this connection that wine 
trcuited in this manner should not be used at once. 
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as at the beginning an experienced tongue would 
at once recognize this addition of glycerine, and 
it takes some time before the taste of the glycerine 
and that of the wine have combined harmoniously. 
In order to attain this, it is necessary that the wine 
should be stored for several weeks, and after this 
period even a good wine connoisseur would not be 
able to recognize that glycerine had been inten¬ 
tionally added to the wine, presuming, of course, 
that this adulteration does not go beyond a certain 
degree. 

It has also been found preferable to proportion the 
glycerine addition according to the quantity of free 
acids contained in the wine, and to increase the gly¬ 
cerine in proportion to the increasing acidity of the 
wine. The following short table gives this propor¬ 
tion :— 


Acid contents 

Olycorino, 

in thousaiultlis 

por liectolitro 

7-0 

00 

7-5 

80 

8-0 

160 

8-5 

240 

9*0 

320 

9-5 

400 

10-0 

480 

10*5 

560 

11*0 

640 

11*5 

720 

12*0 

800 


Although these tables are quite suitable for cer¬ 
tain cases, yet the addition of glycerine in such small 
quantities as 10 g. and repeated taking of samples is 
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preferable, as one must endeavour to avoid any excess 
of glycerine as thereby the taste of the wine would be 
altered in a striking manner and the.addition easily 
detected. It must, however, be considered as a rule 
strictly to be observed, never to add such large 
quantities ithat they strike the sense of taste un¬ 
pleasantly. 

In addition to the influence which glycerine has 
on the taste of wine, it also exercises an influence on 
the behaviour of the wine. Wines which have fer¬ 
mented for some time, and accordingly can only be 
clarified very slowly, soon settle if glycerine is added 
and they clarify rapidly. This phenomenon can be 
explained by the fact that the glycerine, although 
itself a product of fermentation, opposes spirituous 
fermentation; the faint after-fermentation which 
still takes place in the wine can then be completely 
suppressed by the addition of the requisite quantity 
of glycerine. 

Glycerine added to beer has the same action on 
its qualities as in the case of wines; the beer, is 
matured, sweeter in taste, and also retains the froth 
longer, after it has been poured into a glass. As 
beer, however, contains far less glycerine than wine, 
on no account should such large quantities of gly¬ 
cerine be added to the beer as to the wine, and an 
addition of 250 g.-300 g. per hectolitre should be the 
highest measure in which it can be applied. 

The right moment for adding glycerine to beer 
depends upon what is to be done with the beer. If 
it is intended to leave it for a long time in storage 
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casks, then it is to the interest of the brewer to 
modify the intensity of the fermentation very con¬ 
siderably, so that on prolonged storage the beer sliall 
not ferment to such a degree that it becomes 
“ winey,” and this could be accomplished by storing 
the beer in very cold cellars. Such beers should bci 
doctored with glycerine immediately after tlrey are 
placed in the storage cask, because in this case 
glycerine assists in moderating the fermentation 
process. 

In the case of beers which are only to be storcul for 
a short time, the glycerine is best added about four¬ 
teen days before the beer is ready to l)c broaclicid. 
The glycerine should be dissolved in tlie becvr, poured 
into the storage cask, and this should be fi rmly bungiid 
up. The glycerine thus has the time to distiibutci 
itself evenly through the whole mass of the Ixu^r, 
and by bunging, the beer is thoroughly supplitid with, 
carbonic acid until it is wanted for running off. 

Glycerine has also been applied to the manufac¬ 
ture of liqueurs, and it is recomuKiiided UiS addition in 
place of sugar. Such an addition has (Uuddcul ad¬ 
vantages, because the glycerine imparts its pkiasant 
sweet taste to the liqueurs, and, moniovcvr, cordiril)ut(^s 
to the liqueurs that oily characteristic which is so m iich 
esteemed in so-called oils or creams, the choice‘st and 
most expensive liqueurs. 

Glycerine also possesses the quality of dissolving 
essential oils and thereby assists the dissolving acdiion 
of alcohol, so that by adding glycerine to a li(iueur sid)- 
stance, a great many more essential oils are l)rought 
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into solution than would be possible by the action of 
the alcoholic contents alone. 

In connection with the application of glycerine to 
the manufacture of liqueurs, there is one precaution 
to be observed, that is, that the quantity of glycerine 
ajdded to the liqueur should not exceed a certain 
measure. The reason for this is the fact that one 
cannot enjoy a liqueur which contains a large amount 
of glycerine, whereas it is to the interests of manu- 
lacturers to make the liqueurs in such a manner that 
a great deal of them are sold. 

We would again call attention to the prohibition of 
tlie application of glycerine; this refers also to the 
manufacture of liqueurs. 

Glygebine eob Fillinu Gas Metebs. 

Gas meters, as is known, are filled with water, but 
this method has certain drawbacks, the greatest of 
which is that water is being continually carried away 
through the gas, and therefore repeated filling with 
water is necessary. In order to remedy this draw¬ 
back, in many places glycerine has been substituted 
as filling for gas meters and with good results. 

Owing to its hygroscopic qualities glycerine not 
only gives out no water, but absorbs water from the 
gas; as a rule glycerine diluted with 45 per cent 
water, absorbs from the gas in the course of the 
year per cent of water, and then it can also 

lia[)pen that on cold days the glycerine in the gas 
meter may freeze and the working be interrupted for 
some days. 
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The glycerine contained in the gas meter not only 
absorbs water from the gas, but also absorljs certain 
other combinations, in particular sulphide animoniiiin 
and sulphite, and from time to time (about once a, 
year) must be taken out of the gas meter and cleaiUKl. 

The cleaning process is most simply accomplisluul 
by heating it for some hours up to 180" C. in a 
covered boiler connected with a flue wliich draws 
well, whereby the greater part of the substances dis¬ 
solved in the glycerine can escape. The tar-like 
substances which are absorbed frozn the gas remain 
in the glycerine. As soon as a sample of the gly¬ 
cerine does not show an alkaline reaction on cf)oIing 
the heating is stopped, and the glycerine is decol¬ 
orized by filtration over bone charcoal, wlum it can 
again be used for filling the gas meter. 

The advantages offered by filling gas meters witli 
glycerine consist therein that repeated filling is 
avoided, and, moreover, the gas is cleaned by gly¬ 
cerine, and a glycerine filled gas meter freezes much 
more seldom than a water filled gas meter. 

Owing to its indifference to metals, glycerine is 
eminently adapted to protect metals which rust 
easily, such as polished iron or steel. To this end, 
it is only necessary to thoroughly rub the metal ob¬ 
jects with a cotton wool pad which lias been dipptul 
in glycerine and then pressed out, and the thin, laytvr 
of glycerine which is spread on the metal prevcynts 
rusting for some time. 

Glycerine has also been used as a lubricant for tluj 
component parts of delicate machinery, for instance 
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of watches; it would moreover, owing to its indif¬ 
ference to metals, be most suitable for this purpose 
if it did not possess the quality of drawing humidity 
from the air. Glycerine, however, diluted to a cer¬ 
tain degree with water, loses its thick oily consist¬ 
ency, and is no longer suitable to prevent friction 
between the parts of machinery. 

Glycekike foe Clay Modelling. 

Sculptors, as is well known, make use of a soft 
clay mass for their first rough modelling, and on 
ceasing to work cover it with damp cloths in order 
to prevent drying of the clay. In the production 
of large, plastic works, this is accompanied with 
some difficulty, for the clay models not only crack 
on drying, but the shape of the model also changes 
owing to the shrinkage of volume which takes 
place as the clay drys. 

These drawbacks can easily be remedied by pre¬ 
paring the clay not with water but with a liquid • 
composed of 3 parts of water and 1 part of glycer¬ 
ine; the water-attracting quality of the glycerine 
prevents entire drying of the clay, without it being 
necessary to take any other precautions in regard to 
this drying, and for this purpose an inferior glycerine 
of a dark colour can be used. 

Glyceeine Applied to the Weaving Industey. 

Glycerine can be very extensively applied to the 
textile industry and particularly to the manufacture 
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of the most delicate cotton fabrics (muslin weaving) 
and also to the manufacture of fine laces. In order 
to impart to the cotton threads which are used in 
the manufacture of this fabric the necessary degree 
of suppleness they must continually be kept damp, 
and formerly such textures were mostly manufac¬ 
tured in damp cellar rooms. Naturally the continual 
sojourn in such rooms was injurious to the health 
of the workers. Therefore the threads were im¬ 
pregnated with a dressing which kept them continu¬ 
ally damp. 

Preferably mixtures of dextrin and grape sugar 
solutions were used on account of their water-attract¬ 
ing property, but they were not very suitable ; only 
since glycerine has been added to these dressing 
compositions have the results been satisfactory, and 
the most delicate muslin fabrics and lace work can 
now be manufactured in perfectly dry and airy rooms. 

The compositions which are used for these dress¬ 
ings are very numerous and consist mostly of dextrin, 
aluminium sulphate, and glycerine, for instance:— 


Dextrin 

Aluminium sulphate 
Dissolved in water 
Mixed with glycerine 


5 parts 
1 „ 
30 „ 
12-15 „ 


The dressing remains continually damp, has no 
smell, and is not liable to become mouldy. 

Glycerine can be used with great advantage in 
different branches of the textile industry, in all cases 
where it is a question of imparting to the cotton or 
fabric suppleness and softness, and the simplest form 
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of application consists in adding it to the water with 
which the cotton yarn or fabric are to be washed: 
on drying the fabrics the glycerine remains dispersed 
throughout the whole mass of the fibre, and gives it 
such a high degree of suppleness and elasticity that 
the value of the fabric in question is thereby con¬ 
siderably increased. 

Glycerine Applied to the Manufacture of 
Paper, Tobacco, etc. 

Paper which is made from straw and wood sub¬ 
stance only, or with the addition of these materials, 
often possesses the undesirable quality of brittleness 
and hardness, and often on merely folding breaks. 
The quality of paper also in respect to suppleness 
can be considerably improved if to the paper pulp, 
consisting of paper substance and water, a small 
percentage of glycerine is added; it prevents entire 
drying of the finished paper and also the resulting 
brittleness. 

Glycerine is also made fairly considerable use of 
in the manufacture of tobacco, and in the pre¬ 
paration of snuff and chewing tobacco, which, when 
glycerine is added, does not dry up. 

Wood which has been impregnated with glycer¬ 
ine obtains a high degree of suppleness, and even 
brittle wood, impregnated with glycerine, can easily 
be bent without cracking, a fact which should be 
of great consideration to the wood-worker. In order 
to render wood more receptive for glycerine, it is 
as well to dry it thoroughly in a kiln, J^^nd while it 
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has a temperature of 70°-80° either to place it in 
glycerine or to coat it with it. G-lycerine is eagerly 
absorbed by the hot wood and penetrates very deeply. 
Casks, made of wood which is impregnated with 
glycerine, can remain some time exposed to the air 
without becoming non-waterproof, because glycerine 
being a water attracting substance keeps the wood 
continually damp. Also, such casks do not assume 
any musty or unpleasant smell inside as glycerirui 
arrests the development of the small fungi which 
cause this smell. 
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CHEMICAL ANALYSIS OF GLYCERINE. 

Singe glycerine has attained such importance for 
many industries and particularly since it has been 
used in such large quantities for explosive prepara¬ 
tions, the analytical determination of glycerine in a 
liquid has become of considerable value, and several 
methods are used in order to determine the amount 
of pure glycerine contained in a given substance. 

In commerce different sorts of glycerine are dis¬ 
tinguished, according to method of production, 
whether distilled or not, as also to purity and con¬ 
centration. According to their origin crude glycerines 
can be divided into saponification glycerine from 
autoclave saponification, or fat-splitting, according 
to the Twitchel method, distillation glycerine, which 
is a by-product obtained by the saponification of fat 
with acid and cleaned by distillation, and soap-lye 
glycerine obtained from spent lyes from soap-boiling. 

The most impure glycerine is the lye glycerine, ob¬ 
tained from the spent lye in soap manufacture. Its 
ash content amounts mostly to 10 per cent and is due 
to the presence of common salt, soda, caustic soda, 
and also sodium sulphate. Further, lye glycerine 
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often contains gelatinous and resinous substances, 
and carburet of hydrogen. It is light brown to 
brown red in colour, the specific gravity is 1-3 or 
34° Be, and the glycerine content 80-82 per cent. 
The high content of ash, the strong chlorine re¬ 
action, and the high specific gravity are all points 
by which it can be recognized. 

Distillation glycerine possesses a sharp astringent 
taste and smell. The percentage of ash is 3-5 
per cent; further, organic impurities are always 
present. The concentration is usually 28 B6, the 
glycerine-content between 84 and 86 per cent. 
The colour is straw yellow to dark amber, and dis¬ 
tillation glycerine can be recognized inasmuch as 
lead acetate gives a strong deposit, and on hydro¬ 
chloric acid being added it becomes very muddy, 
due to the liberated free fatty acids. 

Comparatively, the purest is the saponification 
glycerine. If contains only 0-5 per cent ash, but 
much lime and magnesia. It is also concentrated to 
28° Be and differs from distillation glycerine in that 
when treated with lead acetate there is only a slight 
and slow deposit, and hydrochloric acid does not 
cause any turbidity. 

The purest is the double distilled glycerine with 
a percentage of water of only 2-3 per cent. It 
must be colourless and should not possess any un¬ 
pleasant smell. Once-distilled glycerine must also 
answer these requirements, but it generally contains 
slight quantities of salts. 

For the purposes of soap manufacture glycerine 
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free from lime should be used; it does not need to be 
distilled, but should be free from lime compounds. 

Glycerine to be used for the manufacture of nitro¬ 
glycerine, that is in the manufacture of dynamite, 
is mostly once-distilled, but concentrated glycerine 
should only contain small quantities of impurities. 
On the other hand, the colour is a matter of second¬ 
ary importance, provided it is not due to large 
quantities of impurities. The specific gravity should 
not be less than 1-261 at 15-5° C. 

Eefined or commercial glycerine is mostly not quite 
odourless and contains different impurities, particu¬ 
larly dissolved salts ; it is usually met with at concen¬ 
trations of 18-24 and 28° B6. 

Double distilled chemically pure glycerine should, 
according to the indications in the German phar¬ 
macopoeia, stand the following tests:— 

A mixture composed of 1 c.cm. glycerine and 3 c.cm. 
zinc chloride solution should not during an hour as¬ 
sume a darker colour. 

If glycerine is diluted with 5 parts water and 
mixed with sulphuretted hydrogen water, barium 
nitrate, ammonium oxalate, or a solution of calcium 
chloride, there should be no precipitate or cloudiness. 
Silver solution should only cause faint opalescence. 

Five grill, heated in an open dish and ignited, burns 
away leaving a dark stain which on being heated 
still further completely disappears. 

If a mixture of 1 grm. of glycerine and 1 c.cm. of 
ammonia liquid is heated in a water-bath to 60° and 
then at once mixed with three drops of silver nitrate 
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solution, then within five minutes there should 
be neither coloration nor a brown black deposit 
in this mixture. 

Two c.cm. of glycerine warmed with 1 c.cm. of 
soda lye, should give no coloration, neither should 
there be any ammonia or smell of glue-like sub¬ 
stances evolved. 

One c.cm. of glycerine gently warmed with 1 c.cm. 
of diluted sulphuric acid, should give no unpleasant 
rancid smell. 

Determination oe GLYCEUiNii CoNTiiNTs. 

If pure glycerine is being dealt with, the water 
contents can be easily ascertained by the specific 
gravity by means of the tables given below. llut 
particular attention must be paid to the temperature 
as these tables only give correct values at those tem¬ 
peratures for whicli they have been calculated. 

As is well known, the specific gravity of the liquid 
is infiuenced by temperature in such, a way tliat a 
certain rise of temperature gives tlie liquid a lower 
specific gravity. 

This method is only applicable when absolutely 
pure glycerine is being considercul, that is such that 
does not contain any appreciable (|uantiti(is of impuri¬ 
ties, If this is not tire case, particularly with gly¬ 
cerine in admixture with niuucu'ous otluir substanc(^s, 
for instance, soap-lye glycerine, tluni another process 
must be resorted to in order to detcu.min('- its quantity, 
which is based on the oxidation of glycerine. lu 
this case mostly the methods of L(‘,gler and Mehiuu' arc‘ 
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Table for the Determination of the Water Contents of 
Glycerine according to Champion and Pellet at 17*5° C. 


Water in 
100 pt.s. 
Glycerine. 

Specific 

Gravity. 

Deftree Ac¬ 
cording’ to 
Beaumc 
Aerometer. 

Water in 
100 pts. 
Glycerine. 

Specific 

Gravity. 

Degree Ac¬ 
cording to 
Beaunic 
Aerometer. 

0-0 

1-2640 

81*2 

11*0 

1*2850 

28*6 

0-5 

1'2625 

81*0 

11*5 

1-2335 

28*4 

1*0 

1*2612 

80*9 

12-0 

1*2822 

28*8 

1-5 

1*2600 

80*8 

12*5 

1*2807 

28*2 

2*0 

1*2585 

80*7 

18*0 

1*2295 

28*0 

25 

1*2575 

80*6 

18*5 

1*2280 

27*8 

B-0 

1*2500 

80*4 

14*0 

1*2270 

27*7 

B-5 

1*2540 

80*8 

14*5 

1*2255 

27*6 

4-0 

1*2582 

80*2 

15*0 

1*2242 

27*4 

4 5 

1*2520 

80*1 

15*5 

1*2280 

27*8 

5-0 

1*2505 

80*0 

16*0 

1*2217 

27*2 

5-5 

1*2490 

29*9 

16*5 

1*2202 

27*0 

(>•0 

1*2480 

29*8 

17*0 

1*2190 

26*9 

(r5 

1*2465 

29*7 

17*5 

1*2177 

20*8 

7*0 

1*2455 

29*6 

18*0 

1*2165 

26*7 

7*5 

1*2440 

29*5 

18*5 

1*2150 

26*5 

8-0 

1*2427 

29*8 

19*0 

1*2187 

2(3*4 

8-5 

1*2412 

29*2 

19*5 

1*2125 

26*8 

9-0 

1*2400 

29*0 

20*0 

1*2112 

26*2 

9-5 

1*2890 

28*9 

20*5 

1*2100 

26*0 

10*0 

1*2875 

28*8 

21*0 

1*2085 

25*9 

10*5 

1*2862 

28*7 





used, whereby glycerine in the presence of sulphuric 
acid is by means of bichromate oxidized to carbonic 
acid, when the amount of the oxidizing substance 
used up is determined with ferrous ammonium sul¬ 
phate. If according to this method correct results are 
to be obtained, then the liquid to be analysed should 
be free from chlorine and as far as possible from or¬ 
ganic substances. According to the regulations of 
the Analytical Committee of the Conyention of 
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Table of the Specific Ghavities of Mixtuhes of Glycerine with 
Water (According to W. Lenz). For Tempjihiatures of 
12°-14°. 


Contents of 
the liquid 
in anhydrous 
;?lycerine, 
in per cent. 

Specific 
Gravity 
of the 
liquid. 

Contents of 
the liquid 
ill anhydrous 
glycerine, 
in per cent. 

Specific 
Gravity 
of tlie 
liquid. 

Contents of 
the liquid 
in a.nliydrou.s 
glycerine, 
in per cent. 

Specific 
Gravity 
of the 
liquid. 

100 

1-2601 

66 

1-1764 

82 

1'0H25 

00 

1-2664 

65 

1-1788 

81 

1-0700 

08 

1-2687 

64 

1-1702 

80 

1*0771 

07 

1-2310 

68 

1-1671 

20 

1-0744 

96 

1-2584 

62 

1-164() 

28 

1*0716 

06 

1-2557 

61 

1-1610 

27 

1*0680 

04 

1-2581 

60 

1-1682 

26 

1*0668 

08 

1-2504 

50 

1-1666 

25 

1*0685 

02 

1-2478 

58 

1-1680 

24 

1*0608 

01 

1-2451 

57 

1-1605 

28 

1*0580 

90 

1-2425 

56 

1-14K0 

22 

1*0668 

89 

1-2808 

55 

1-1455 

21 

1*0626 

88 

1-2872 

54 

1-1480 

20 

1*0408 

87 

1-2845 

58 

1-1408 

10 

1*0471 

86 

1-2818 

52 

1-1875 

18 

1*0446 

85 

1-2202 

51 

1-1848 

17 

1-0422 

84 

1-2265 

50 

1-1820 

16 

1-0808 

88 

1-2288 

49 

1-1208 

15 

1-0874 

82 

1-2212 

48 

1-1265 

14 

1-0840 

81 

1-2185 

47 

1-1288 

18 

1-0882 

80 

1-2159 

46 

1-1210 

12 

1-0207 

70 

1-2122 

45 

1-11H8 

11 

1-0271 

78 

1-2106 

44 

1-1155 

10 

;i.-0246 

77 

1-2070 

48 

.1-1127 

0 

1-0221 

76 

1-2042 

42 

I-IIOO 


1-010() 

76 

1-2016 

41 

I-I072 

7 

1-0172 

74 

1-1000 

40 

1-1045 

() 

1-1470 

78 

1-1078 

80 

1-1017 

5 

1-0128 

72 

1-1045 

88 

1-0080 

4 

1-0007 

71 

1-1018 

87 

1-0062 

8 

1-0074 

70 

1-1880 

86 

1-0084 

2 

l-0()40 

60 

1-1858 

86 

1-0007 

X 

1-0025 

68 

1-1826 

84 

1-0880 



67 

1 1-1705 

88 

1-0852 
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German glycerine manufacturers, the following is 
carried out:— 

The following aqueous solutions are to be made 
and used at 15" C. :— 

{a) Potassium bichromate solution, which in a 
litre contains exactly 74*86 grm. of potassium bichro¬ 
mate and 150 cm.^ of concentrated sulphuric acid. 
One cm.^ of this solution is equivalent to 0*01 grm. of 
glycerine. 

(6) Diluted bichromate solution. Obtained by 
dilution of 100 c.cm. of the solution (a) to 1000. 

(c) Ferrous ammonium sulphate solution. Con¬ 
tains in a litre 240 grm. of ferrous ammonium sulphate 
and 100 cm.^ of concentrated sulphuric acid. 

{d) Solution of red prussiate of potash 1; 1000. 
This solution is always freshly prepared. 

For the standardization of the ferrous ammonium 
sulphate solution, 10 cm.^ of the solution are titrated 
with the diluted bichromate solution, until a drop of 
the mixture with a drop of the red prussiate solu¬ 
tion mixed on a white porcelain plate shows no 
visible blue coloration. Ten c.cm. of this solution 
corresponds to about 40 c.cm. of the diluted bichro¬ 
mate solution, that is 4 c.cm. of the concentrated 
bichromate solution. 

The determination of glycerine in spent lye with 
the help of these reagents is carried out in the follow¬ 
ing manner:— 

About 20 grm. of spent lye which, however, must 
not contain more than 2 grm. pure glycerine are placed 
in a measuring flask of 200 c.cm, contents, care- 
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fully weighed and practically neutralized with dih 
uted acetic acid with a specific gravity of 1 •041, and 
the mixture must on no account be acid. Then this 
is diluted with distilled water to a volume of about 
50 c.cm. and swirling round gradually, basic lead 
acetate solution, is added, until after standing for some 
time, the liquid, on the addition of a further drop 
of lead solution, does not show any further precipitate. 
It is then left for about half an hour and tlie mixture 
made up to 200 c.cm. at a temperature of 15“ C. 

Of this well-mixed and settled liquid, part is 
filtered through a dry filter. 20 c.cm. of this filtrate 
correspond to 2 grm. spent lye, and are now placed in 
an Erlenmeyer flask of 300 c.cm. capacity, when in 
the following order are added: - - 

1. 30 c.cm. distilled water 

2. 30 c.cm. diluted sulphuric acid 

3. 25 c.cm. of concentrated bichromate solution. 

This mixture is then suspended in boiling water for 
two hours and the flask covered witli a small funnel. 

After this time, and when the mixture has be¬ 
come cold, it is titrated ])ack with. th(‘. standardized 
ferrous ammonium sulj)hate solution until a droj) of 
the mixture with the rod ])rnsBiatc of potash gives 
a blue coloration. 

The calculation is then as follows 

If, for instance, for the retitration of tlie oxidized 
liquid, that is the remaining (‘.xcess of thc‘. bichro- 
m{i.te solution, 40 c.cm. of the iron solution arc^, used, 
then these correspond to 40 x ()'4 == JG c.cm. of the 
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bichromate solution. If these are now deducted 
from the 25 c.cm. added in the beginning, then 
25 - 16 = 9 c.cm. of strong bichromate solution 
would be necessary for the oxidation of the glycerine, 
which corresponds to 9 x 0*01 = 0*09 glycerine. If 
this quantity was found in exactly 2 grm. spent lye, 
then this contains 0*09 x 50 = 4*5 per cent glycerine. 

Examination of Glygekine for Dynamite-making. 

For the examination of glycerine intended for 
dynamite- or nitro-glycerine manufacture, a nitration 
test is generally made, whereby is established how 
much nitro-glycerine can be produced from a given 
weight of glycerine. For this purpose, 15 grm. gly¬ 
cerine is nitrated in a glass cylinder with 70 c.cm. 
of a mixture of 37 per cent pure sulphuric acid, of 
specific gravity 1-5, and 63 per cent pure nitric 
acid of specific gravity 1-485 at a temperature not 
allowed to exceed 20° C. The nitro-glycerine should 
separate out from the acids with a sharp surface of 
separation, leaving no flocculent substances suspended 
in the under layer. Then the nitro-glycerine is 
separated from the acid in a separating funnel, 
washed with water at 35° to 40° C., then a few 
times with a 20 per cent soda solution, and finally 
again with water. 

Theoretically 100 grm. glycerine should yield 
246-7 grm. nitro-glycerine. But dynamite glycer¬ 
ine is never pure, and there is besides some loss in 
nitration, but the yield should be at least 207 to 
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210 per cent. In order to render nitro-glycerine 
harmless, it is best to run it into strong soda lye, 
whereby it is decomposed. 

Under the title Ein Beitrag zur Beurteilung des 
Dynamit-glycerins,” Franz Hofwirnmer, Vienna, 
publishes in the Chemiker Zeitung,” No. 5, 1912, 
the following:— 

For glycerine intended for explosives manufacture 
a very high standard is fixed both as regards quality 
and concentration. 

As is known, the nitration of glycerine is due to 
a reversible reaction ; therefore it is striven, in order 
to secure the best possible yield, to reduce the mass 
of water present in the reaction to a minimum, 
which in the first place is accomplished by employ¬ 
ing a water-free nitric acid, and an almost absolute 
glycerine. Further, the use of a glycerine contain¬ 
ing much water would increase inadmissibly the 
danger of decomposition, or at least cause a very 
energetic development of heat. For this reason, 
dynamite glycerine must be at least 97-6 to 98 per 
cent, it should further evaporate at 180'’ C., leaving 
at the most 0*2 per cent residue, and only 0-05 per 
cent ash. It should contain neither reduction sub¬ 
stances (acrolein) nor fatty acids, nor chlorine. The 
colour should be only wine-yellow, and the specific 
gravity at 15° C. should reach 1*2625 - 1*2()30. 

Although most dynamite glycerines answer these 
requirements, they notwithstanding often leave much 
to be desired on nitration as regards yield of nitro¬ 
glycerine, for which reason the usual methods of 
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examination for this product give no definite results 
as to the yield of nitro-glycerine. 

The frequently used method of Hehner yields 
indeed very exact results in the examination of crude 
glycerine ; it is, however, more or less useless for de¬ 
termining the quality of dynamite glycerine. The 
method gives only correct results when the glycerine 
under examination is free from poly glycerols. These 
are formed during the distillation of glycerine as a 
consequence of local over-heating, and are able to 
affect very prejudicially the yield of nitro-glycerine. 
These polyglycerols result only from the splitting off 
of water, and in the estimation according to Hehner, 
all the residue of the glycerine comes into con¬ 
sideration. Under these circumstances a glycerine 
examined by this method may show a C^HgOg con¬ 
tent of more than 100 per cent. In nitro-glycerine 
manufacture, however, the quantity is only deter¬ 
mined by the hydroxyl groups contained in the 
glycerine, so that a product containing polyglycerols 
yields a deficient quantity of nitro-glycerine. Whilst 
92grm. glycerine should yield theoretically 227 grm. 
nitro-glycerine, corresponding to 246-7 per cent, 
there results from the polyglycerols only the nitro- 

119;r 108 

glycerine calculated from the formula A ==-— 

(where x is the number of compound C^HgOg mole¬ 
cules to a molecule). Diglycerine gives a theoretical 
yield of 188 per cent, and triglycerine only 168 per 
cent. To what extent a polyglycerol content is able 
to reduce the yield of nitro-glycerine is well illus- 
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trated by the following example. A dynamite 
glycerine that contained 86 per cent CaHj^Oy, 10 per¬ 
cent diglycerine, and 4 per cent water, 

gave according to the Hehner method of analysis, 
97-08 per cent C^HsO^, and 2-92 per cent of water, 
and should produce therefore on nitration a theoreti¬ 
cal yield of 239-5 per cent nitro-glycerine; owing 
to the diglycerine content, however, the yield is re¬ 
duced about 8-5 per cent, so that for the manufacture 
of nitro-glycerine the glycerine is not 97-08 per cent, 
but only 93-46 per cent. The nitrogen-content of 
nitro-glycerine obtained does not reach by far the 
theoretical figure of 18-50, so that the quality of the 
product is also unsatisfactory. 

The examination of dynamite glycerine by the 
acetin method might be expected to give correct 
results, as will be understood from the foregoing, 
since it depends entirely on the quantitative estima¬ 
tion of the hydroxyl groups. It is, however, 
scarcely to be expected that the polyglycerols would 
be able to withstand a boiling of some hours with 
acetic anhydride, but on the contrary they hydrolyse 
to glycerine and are estimated as such. On this 
ground, the acetic anhydride method must also be 
rejected, apart from other defects of the process 
which must be taken into consideration. 

Frequently it is attempted to determine the 
water contained in a glycerine by drying over sul¬ 
phuric acid in vacuo. This method requires some 
considerable time and is, moreover, not quite ac¬ 
curate, since glycerine, on account of its energetic 
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water-absorbing power, retains water under these 
conditions. All the remaining methods of glycerine 
estimation described in the literature leave much to 
1)0 desired partly in accuracy, partly in simplicity. 

The only accurate and absolutely reliable test for 
dynamite glycerine is therefore by nitration and 
determination of the nitro-glycerine 
produced. The well-known nitration 
apparatus of Novak and Schagel is 
not very suitable for a rapid and 
exact nitration, since in this only 
some 80-100 g. glycerine can be 
nitrated, a quantity which one can 
neither weigh accurately on the 
analytical balance nor with the 
ordinary scales. A nitration by 
means of the above-named appar¬ 
atus, by the time that one has 
weighed the dried nitro-glycerine, 
takes at least 12-24 hours; work¬ 
ing with proportionately larger 
quantities (150-200 g.) is a some¬ 
what dangerous undertaking, especi¬ 
ally for the inexperienced. 

For the rapid, exact, and at the 
same time safe nitration, an ap- 
])aratus has l)een devised, so constructed that it 
permits both the glycerine to be weighed on the 
analytical l)alauce, and also the nitro-glycerine 
formed to be brought into a measuring tube ac¬ 
curately divided into twentieths of a c.cm. The 
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apparatus shown in the figure consists of the gly¬ 
cerine pipette A, and the measuring tube B, which 
is furnished with the cock H, and is enlarged at 
the top into a very thin-walled nitration vessel N, 
enclosed in the cooler K. The glycerine pipette 
is furnished with two marks, which correspond to a 
weight of glycerine of 10 g., and is closed by means 
of a glass tap. Both this and the nitration vessel 
are fixed by means of clamps to the same retort 
stand. A nitration in this apparatus is carried out 
in the following manner. The nitration vessel is 
filled up to above the fixed mark with the nitrating 
acid and cooled to 15'^ C., when one allows the ex¬ 
cess of acid to run away through the cock H. While 
the glycerine is allowed to drop from the pipette A 
into the nitrating acid as slowly as possible, for the 
purpose of thorough stirring, one conducts through 
the apparatus a current of air dried by means of 
concentrated sulphuric acid, and carries away the 
heat generated in the reaction by a rapid flow of 
cold water. An observation of the nitration tem¬ 
perature in the small glycerine mass is not necessary, 
especially if the temperature of the cooling water is 
only 12-15° C., and it passes through the cooler with 
an adequate velocity. As soon as the glycerine has 
run down to the lower mark on the pipette, one 
shuts the cock of the pipette, allows about another 
minute’s stirring, and then interrupts the air current 
by shutting the cock H. After standing a quarter 
of an hour (with the cooling water running) the 
nitro-glycerine completely separates from tlie waste 
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acid, whereupon the latter is allowed to run down 
to the zero mark, when the volume of the former is 
read off, and from the result is calculated the glycerine 
contained in the 10 g. weight. Since the read-off 
and calculated nitro-glycerine gives no proof of the 
quality of the glycerine used, a nitration must be 
carried through for comparison under the same ex¬ 
perimental conditions on chemically pure 100 per 
cent glycerine; the result is noted once for all as 
corresponding to 100 per cent glycerine. For ex¬ 
ample, 10 g. of a glycerine gave 14*46 c.cm. of nitro¬ 
glycerine, and by the nitration for comparison under 
similar conditions of 100 per cent glycerine, 15 c.cm. 
of nitro-glycerine were obtained, so is the glycerine 
under examination, irrespective of the CgHgOr, con¬ 
tent found by the Hehner or any other method of 
examination, valued as 14*45 : 16*00 == 96*3 per 
cent dynamite glycerine. 

It is absolutely necessary always to work under 
the same conditions. It is advantageous to employ 
for 10 g. glycerine, 60 g. nitrating acid (45 per cent 
HNO3 and 55 per cent HgSO^) and the reading of 
the nitro-glycerine volume is made at 15-16° C. 
Since the size of the yield is chiefly dependent upon 
the ratio between the glycerine and nitrating acid, 
the mass of the glycerine used should not much ex¬ 
ceed the limits 9*9-10'l g. 

The apparatus permits in an hour an exact esti¬ 
mation to be easily carried out, which represents an 
advantage over other methods not to be despised, 
and, since in the purchase of dynamite glycerine 
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differences frequently arise between buyer and seller, 
owing to defective methods of examination, should 
be a very welcome laboratory apparatus to the 
dynamite as well as to the glycerine manufacturer. 
On account of its simple and solid construction, it is 
very easily cleaned, and the risk of breakage is only 
very slight. The manufacture of the apparatus is 
undertaken by the firm Ephraim Greiner, of Stiltzer- 
back, Thuringen. 


Dj^TJUiMINATION OV LiMM SaLTS. 

This test, by means of which it is easy to dis¬ 
tinguish concentrated from distilled glycerine, is 
carried out in such a way that the glycerine is diluted 
with twice or three times its volume of water and 
ammonium oxalate added ; the presence of lime salts 
will cause a deposit of calcium oxalate. 

The presence of sulphuric acid, generally in tlie 
form of calcium sulphate (gypsum), can Ixi ascxvrtained 
by mixing the diluted glycerine with a solution of 
barium cliloride ; a resultant wliite deposit provcis tlie 
presence of sulphuric acid. If the deposit rc',suiting 
from the barium chloride is solulde in hydrochloric 
acid, this proves the presence of i)hosphori(; acid 
also. 


Tests fob otheb lMruiu/i'ri^:s. 

Glycerine which is somewhat acid can on distil¬ 
lation dissolve iron or copper from the ap])ara.tus 
and herel)y l)ecome contanxinated. ddu‘.s(i iron com- 
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pounds can easily be ascertained by the addition of 
a solution of nitro-prusside sodium or salicylic acid. 
In both cases red coloration, takes place in the 
presence of iron compounds; the presence of copper 
can be proved by the addition of ammonia; hereby 
the glycerine, particularly in thicker layers of the 
liquid, has a distinctly blue coloration in the presence 
of copper. 

Some kinds of glycerine have a peculiar smell 
which is either sour or rancid. In the former case 
it is generally due to formic acid or acetic acid, in 
the second to butyric acid. Formic acid can be 
recognized by mixing the glycerine under examina¬ 
tion with an ammoniacal silver nitrate solution; in 
the presence of formic acid, immediate separation 
of the metallic silver takes place; if the glycerine 
is pure, on becoming cold, the liquid remains clear, 
and only on heating reduces the ammoniacal silver 
oxide to silver metal. Also both acids can be 
detected by the sense of smell, if the glycerine is 
mixed with sulphuric acid. 

Butyric acid is best detected by the odour; 
the glycerine is rubbed between the hands and 
these are brouglit up to the nose; the presence 
of butyric acid is at once detected by the unpleasant 
rancid smell which is peculiar to this acid. Further, 
this butyric acid test can be carried out in another 
manner; to this end equal volumes of alcohol and 
of the glycerine are mixed, and to the mixture 
sulphuric acid is added; in the presence of butyric 
acid, butyric ether is formed under these circuin- 
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stances, and the liquid has a very pleasant and 
characteristic smell of pine-apple. 

Albumen is ^precipitated by means of tannic acid 
or in flocks by acidifying with acetic acid. 


Test for Sugar Contents. 

Intentional adulteration of glycerine can be 
made either with grape sugar in the form of starch 
syrup, or for this purpose the thick syrup of beet sugar 
factories is used, which in addition to grape sugar 
also contains cane sugar. We shall give later on the 
method by which these different sugars can be dis¬ 
tinguished from one another. In any case these 
adulterations with respect to relative prices hardly 
ever occur now. 

As a first test as to probable sugar contents, small 
quantities of the glycerine to be analysed are mixed 
with kali lye and concentrated sulphuric acid : if the 
samples are free from sugar, then they are not altered 
by these additions : if they contain sugar they will 
colour brown already when cold or on gentle heating 
and humic substances arise from the sugar. 

It has been proposed to determine the addition of 
grape sugar by warming glycerine with the so-called 
Fehling solution (alkaline copper oxide solution) whcm 
in the presence of grape sugar red copper protoxide 
is separated; as, however, pure glycerine gives a 
deposit in the Fehling solution, this test is hardly 
applicable. (This does not agree with, the trans¬ 
lator’s experience.) 
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A very simple method of proving the presence of 
sugar in glycerine is by means of the polarimeter; 
glycerine does not cause the plane of polarization 
to deviate ; sugars do, either to the right or to the 
left. Glycerine which is of too dark a colour to be 
tested in a polarimeter should be decolorised before 
tlie test. This can be accomplished by mixing the 
glycerine with 0*1 of its volume of lead acetate, 
shaking and filtering from the residue; on calculat¬ 
ing the sugar contents this dilution must be taken 
into account. It is simpler to filter the glycerine 
to be tested through dry spodium whereby it is 
suCficicntly decolorized to enable the optical test to 
l.)e made. 

If glycerine containing sugar causes rotation of the 
plane of polarization, then the question may possibly 
arise as to whether it has been mixed with potato sugar 
or also with cane sugar syrup, the latter of which 
contains different quantities of cane sugar and grape 
sugar. In order to determine this, it must first be 
ascertained by how many degrees the plane of polariza¬ 
tion has been rotated, and then the sugar must be 
inverted, that is transformed into invert sugar; this 
latter takes place by heating the glycerine to be 
t(^sted for ten minutes with 0-1 of its volume of hydro¬ 
chloric acid to 70-80'^ C. If originally the plane moved 
to the right, and if the rotation, which now owing 
to th c dilution with hydrochloric acid must be reckoned 
O-I higher, remains unaltered, then grape sugar 
alone was present, if, however, the plane rotates to 
the left after the original liquid had indicated a 
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movement to the right, then this is a proof that the 
glycerine contained pane sugar; cane sugar inclines 
to the right and the resultant invert sugar to the 
left. 

DeTEUMINATION OE GYLCmilNE IN WiNJE 

In order to determine small quantities of glycerine 
in wine—an investigation of importance as to the 
glycerine contents of the wine itself as well as prov¬ 
ing whether the wine has been intentionally adul¬ 
terated—the following process according to (fcyrman 
official regulations for the testing of wines is 
adopted 

(a) Determination of glycerines in wines with less 
than 2 g. sugar in 100 cm.'* 

One hundred cm.** of wine are evaporated in a porce¬ 
lain dish over a water-bath to about 10 cm.** and 
the residue is mixed with about 1 g. (piartz sand 
and so much milk of lime of 40 per cent OadOlT)., 
that to every 1 g. extract 1*5-2 cm.** milk of lime is 
added, and evaporated practically diy. Odie damp 
residue is mixed with aliout 5 cm.** of alcohol at 0() 
per cent by weight, the mass attaching to the 
sides of the porcelain dishare loosened with a spatuhi 
and rul)bed into a fine paste with a small a.ddition of 
alcohol at 00 per cent by means of a small pestle. 
Spatula and pestle are then rinsed with tlui same 
strength of alcohol. Constant stirring takes place and 
the dish is heated in a water-bath, until it btigins to 
boil, and the cloudy alcoholic li(|uid is poui’cd through 
a small filter into a small receiver of 1()0 cm.** con- 
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tents. The powder-like residue remaining in the 
dish is again stirred with 10-12 cm.^ of alcohol, 
drawn off hot, the extract poured into the 100 cm.-^ 
receiver, and this process repeated for so long until 
the amounts of the extracts are about 65 cxn.^ the 
insoluble residue remaining in the dish. Then the 
small funnel attached to the 100 cm.*^ receiver is rinsed 
with alcohol, the alcoholic extract is cooled to 15°, and 
it is filled with alcohol at 96 per cent to 100 cm.^ 
After vigorous shaking the alcoholic extract is filtered 
through a plaited filter into a graduated glass 
cylinder, 90 cm.*^ filtrate are poured into a glass dish, 
and evaporated over a hot-water bath avoiding any 
powerful boiling. The residue is collected with small 
quantities of absolute alcohol, the solution poured into 
a divided glass cylinder, provided with a stopper, and 
the dish is washed with small quantities of absolute 
alcohol, until the alcohol solution amounts to exactly 
15 cm.‘^ To this solution 7-5 cm.^ of absolute ether 
should be added three times, and the solution should be 
well shaken after each addition. The closed cylinder 
remains standing until the alcohol ether solution is 
quite clear ; then the solution is poured into a weigh¬ 
ing glass fitted with a ground stopper. After the 
glass cylinder has been rinsed with a mixture (about 
5 cm.*^) of 1 volume of absolute alcohol, with I} 
volumes of absolute ether^ and this liquid has been 
poured into the weighing glass, the alcoholic ether 
liquid is evaporated over a hot but not boiling water- 
bath, when violent boiling of the solution must 
be avoided. After tlie residue in the weighing glass 
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has become a thick liquid, the glass is placed in a 
drying oven between the double partitions of whicli 
water is boiling, and after one hour’s drying it is left 
in the exsiccator to cool and weighed, 

(/;) In wines with 2 g. or more sugar in 100 cm.=^ 

Fifty cm/^ of wine are heated in a large receiver 
over a water-bath, mixed with 1 g. quartz sand, 
and small quantities of milk of lime are added 
for so long until the mixture which at first turned 
dark has become clear again and assumed a snudl of 
lye. The mixture is warmed in a water-bath and 
constantly shaken. When cold, 100 cm.*^ of alcoliol 
at 06 per cent are added, and the resultant deposit 
left to settle, the alcoholic solution is filtered off and 
the deposit washed with alcohol at9() percent. The 
filtrate is evaporated and the residue treated further 
according to the regulations for wines with lesser 
sugar contents. 

According to the decrees of the Committee of 
Wine Statistics in Gcu-many it is recommcnidtid that 
an objection on account of additicui of glyccvrim.^ is 
justified when with a total glycerine contcuit (ixceed- 
ing 0*5 g^. in 100 c.cm. wine, tlui cxti'act ixisidue 
(extract reduced with respect to non-volatile acids) 
consists of more than two-tliirds glycerine, or, with 
a proportion of glycerine to alcohol of more than 
10 : 100, the total extract does not cxccchI 1-8 g. 
per 100 c.cm., or after deduction of tlui glycerine 
from the residue extract, 1 g. in 100 c.cm. 
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Determination of Glycerine in Beer. 

The determination of the glycerine contained in 
beer can be carried out as follows:— 

50 cm.^ of beer are evaporated with about 8 g. cal¬ 
cium hydrate to the thickness of syrup, and then 
mixed with 10 g. coarse powdered marble or sea sand 
and left to dry, but the residue should not be quite 
dry or hard. Then it is completely separated from 
the dish and boiled with 100-le50 cm.^ of strong 
alcohol at about 9G per cent. After filtering, the 
alcoholic extract is evaporated or distilled, and the 
residue is again dissolved in 10 cm.*^ alcohol. 

To this solution, 15 cm.*^ of ether are added in 
three portions, the solution is thoroughly mixed after 
each addition and left to settle. The clear ether 
alcohol solution containing the glycerine is poured 
off, the residue again treated with 5 cm.*^ alcohol and 
shaken with 7-5 cm.^ of ether in two portions, when 
the glycerine remaining in the residue is dissolved. 
In a weighed weighing glass the ether alcohol solu¬ 
tion is evaporated to the thickness of a syrup, and 
then left to dry.an hour in a water-bath drying oven, 
weighed, and the glycerine tested for the presence of 
any sugar. Or, the ether alcohol solution contain¬ 
ing the glycerine can be evaporated in a platinum dish 
and, after drying, weighed, when the contents of the 
disli can be ashed in order to determine any exist¬ 
ing mineral substances, and separate them from the 
glycerine. 
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Investigation oe Nitjui-Glyoeimne and Dynamite. 

Tpie analysis of nitro-glycerine coiupi’ises mostly 
the qualitative test for acid or alkali: the in¬ 
vestigation of dynamite and the determination of its 
composition is varied according to wludlua’ it con¬ 
tains the nitro-glycerine only absorl)ed or gcdatinizcsd. 
Special methods of investigation should ))e imide for 
explosive gelatine and gelatine dynamite',, and finally 
certain stability and heat tests come into considc'ra- 
tion. 

Analysis of Nitbo-Glyoeiune as ^j’o Acud and 
Alkali. 

A sample is placed in a separator, distilhul vva,t('r 
poured over it, and it is well shakem. \\y tlu^ ad¬ 
dition of some drops of methyl oranges tlu'. ju'ac'tion 
is ascertained, and after an addition of U'd (lro|)s of 
N 

-J-., hydrochloric acid the colour sliould cliangcn 
Analysis or’ DYNAMmL 

For this purpose Hess’s method should be used, 
which is as follows: The dynamite should l)e 
treated with water-free ether, and tlu^ rtvmaining oil 

should be tested by letting a piecu^ of filtering 

roooN 
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paper absorb it and then detonating on an anvil. If 
thci oil is dissolved in alcohol and mixed with a solu¬ 
tion of animonium sulphide in alcohol, then polysul¬ 
phide is formed, and later the sulphur separates. If a 
di-op of the oil is placed in a solution of green vitriol 
mixed with hydrochloric acid, and if this is warmed, 
tlien the nitrous oxide reaction should result. If a 
drop of tlie nitro-glycerine is added to a potassium 
iodide starch solution acidified with diluted sulphuric 
acid and mixed with a few fragments of zinc, then 
the liquid turns blue. If the oily deposit is evidently 
inhrorm, and its specific gravity about 1-6 and it has no 
particular odour, it may be taken that it is only com- 
p(.)sed of nitro-glycerine. . If impure ether has been 
used then the impurities will be found in the residue. 
If there are more than traces of sulphur, paraffin, 
and resin, they - separate from the nitro-glycerine. 
In order to analyse these, some of the separated sub¬ 
stance is taken and pressed between filtering paper. 
''Idle sulphur separates in the form of crystal and can 
bc'. recognized thereby as also by its smell and flame 
on l)eing ignited. If the extract freed from ether is 
trc'ated with cold alcohol, then paraffin remains behind. 
Any rosin can, by boiling with a soda solution, be 
sa))onijie(l and isolated from the soap by precipitation 
witli hydrochloric acid. Should all three substances 
b(‘. in the dynamite at the same time, the nitro-gly- 
cerine should first be decanted and the residue care¬ 
fully pressed between filtering paper: then by boiling 
witli a soda solution the resin is first separated, and 
the residue washed with w^ater and dried. Part 
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thereof can be treated with aqua regia in order to 
transform any existing sulphur into sulphuric acid 
and this identified in the form of barium-sulphate; 
another part can be boiled with ammonium sulphide 
solution when the sulphur dissolves with the formation 
of ammonium-polysulphide, the paraffin, however, on 
cooling swims in a crust on the liquid and is then 
washed with water, dried, and can be further tested. 
The residue of the extraction is then tested micro¬ 
scopically when kieselguhr, wood meal, and charcoal 
can be recognised by their construction and colouring. 
Brown coal and pit coal are distinguished by the 
nature of their products on dry distillation. Brown 
coal gives acetic acid or ammonium acetate. If the 
residue is reduced to ashes, then in addition to wood 
or coal ashes, otlier mineral substances are found 
which can easily be determined by the well-known 
analytical methods. 

QuANTrrAa^ivr^. Examinatk > m . 

Either a weighed amount of dynamiter is placed 
on a dried and weighed linen liltcvr in a tunnel 
and extracted by frci(iuently pouring (itlier on 
it, or a weighed amount is mixed with (dluvr in 
an Erlenmeyer flask shaken fre(]uently, and the 
whole is filtered on a linen filter and again washed 
with ether. The ether extract is transferred to a 
beaker and eva])orated on a water-l)ath. at 40“; from 
the moment the extract clouds, attention should l)e 
paid. As soon as the cloudimiss disappeai’s again 
the beaker is placed under the bell of im air-pump, 
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mi(l(‘.r vvhic-h Uh'tc^ is also chlorido lAi order 

1.0 i*(‘mov<^ ili(^ Iasi ira(U‘.s of (d.lua; and inoisinrc^. 

If in ili(^ dyn,;imii(^, in. a,d<liii()ii io iiitro-^iycaa’inc 
ilu‘.r(‘, is |)a,rai('(in, r(‘.sin, Svdj)liur, or similar substances, 
i.lum i.lu'. td.la'r-fiMuul extraid/ can Ixi wei^died on dry- 
in*’’ a.nd wa.riiKul with a soda solution over a water- 
ba.ili. Hej‘(‘l)y ilu' n^sin is fr(‘.<xl and l)y decanting 
a.iid vva,idling with distilbal watcir (*.iin l;e separated 
friMn tli(» i*(\sidn(!. If to this solution hydrochloric 
anid is auldtul, tlu‘ ix'.sin |)r(‘.c.ipitatc'.s. It can he col- 
l<‘cted on a. lilhu* dricxl and wiaghcd at lOO'', washed, 
dri(‘(l, a.nd agaiin wcdgiusl. 

nil.ro-gly(:(‘rin(‘. is (‘.xtrac.hul from tlie residue 
willi high p(‘rc.mita,g(‘. a.lcohol, (hu'-aintcul, a/iid tlie re¬ 
maining a,mounts of pa-rainiu and sulphur are rinsed 
with stirong a.lc.ohol, (lri(Ml and W(u‘gli(ul. .In order to 
s<'pa.ra.(.(‘ th(‘. sulphur from tlu'. paranin, th(‘. mass is 
waaimsl wii.h aiO agiuMius solution of aimmonium siil- 
))hido, h‘fi. to c.ool, tlm [)arahrm hiycvr is bi*ok(vn through, 
d{;ca,nted, waislK'd with wa.t(‘r, and tln^ para-riin dritul 
and W(‘igh('d. (pia-ntity of nitro-glycuuhn^ and 

of the sulphur is found from th(^ dilhuxaux'S. 

d’lu' r<‘sidu(‘. r<*ma.ining from tlu'. (‘.xtraiC.tion in so 
fa.r a.s it is only c.omposcxi of lirtsproof maittvidails is 
dri(sl in a, striNam of dry a.ir at (>()" and wcugluul, then 
redueud to aish(‘s, and on c.ooling ag’ahi W(vigh(‘.d, in 
oi'dia* (,o a,se(‘rta.in from aaiy snudl (hnercuices vvhetluvr 
small (pia.ntiti(‘s of orga-nic suhsta.nc(‘s wcax^. contained 
in th<‘. r<‘sidius If it c.ontaans othtu- suhsta-ncc^s 
a.s W(*ll, tlimi till'. i’('si(hu‘. is di’icsl a.nd W(‘iglu‘d on 
tin* lihur, ti’(‘a.ted wilh hot distilled wa,t(U', aaul the 
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solution evaporated, dried at 1'20'', and the remaining 
residue again weighed. If carbonates are present, 
the extract, if it contains no chlorates, should be 
taken up with water again, neutralized with nitric 
acid, evaporated over the water-bath, dried at 120", 
and again weighed. Hereby the carbonates are trans¬ 
formed into nitrates, without modifying the existing 
extractive substances ; from the diffei.’ence of the two 
last weights obtained the quantity of carbonic acid 
can be determined. The dry mass is liereiipon heated 
to redness and on cooling damped witli nitric acid, 
liberated from the free nitric acid again, again lioated 
to redness, and finally on cooling weighed. Then all 
the water-extracted salts are present as nitrates, and 
the organic substances destroyed. The difference be¬ 
tween the two last weighings accordingly gives the 
contents in organic soluble substances. 

If in the watery extract clilorates were also present, 
then the carl^onic acid must be determined by pre¬ 
cipitation witli lime determined, and in one part aftcvr 
evaporating and heating to rcM.lness the chlorate 
can be determined in tlie form of silver cliloride. 
The quantity of nitric acid can be d('.t(vrjnined iii a 
second part of tlie extract by changing into ammonia. 
In the residue from tlu^ extraction by water only char¬ 
coal or similar organic substances c-an be contained 
as well as insoluble absorbents. Ihie organic sub¬ 
stances are removed by reducing to ash and the 
residue is weighed on cooling, wliereby the weight 
of the insoluble mineral sul)stance is asccu’taimid. If 
several mineral substances are present at the same 
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time, then according to the well-known method they 
can be determined singly in the residue. If, how¬ 
ever, several organic absorbents are present, the pro¬ 
portion can only be approximately determined by 
means of their elementary composition. 

The stability of dynamite is determined by the heat 
test, and further by a thrice-repeated freezing and 
melting, as well as by exposure for eight days and 
nights at 30° with regard to any oozing of the nitro¬ 
glycerine. Any inclination to absorb humidity with 
eventual separation of nitro-glycerine can be tested 
by exposing over a vessel filled with water for twenty- 
four hours under a glass bell-jar. 

Testing of Explosive Gelatine and Gelatine 
Dynamite. 

The analysis according to Hess is as follow^s:— 

Qualitative Analysis .—A slice is cut out of the 
middle of the cartridge with a knife of wood or 
horn and cut up into small pieces placed in a small 
receiver, and a mixture of 2 parts of water-free ether 
and 1 part water-free alcohol ispoiired over it. There¬ 
by the nitro-glycerine, collodion cotton, as well as other 
admixtures of camphor, resin, paraffin, and sulphur 
are dissolved. The extract is mixed with an excess 
of chloroform, which precipitates the collodion cotton. 
The solution above ifc is poured off, and the residue 
is pressed between filtering paper. The separated 
collodion cotton is recognized by its combustibility 
and its explosiveness caused by shock, as well as its 
behaviour in the presence of sodium sulphide solution 
from which it is freed by boiling. On boiling with 
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hydrochloric acid and sulphate of iron a nitrous oxido 
reaction is given. 

The poured-off solution is heated to 30" whereLy 
the largest part of the ether, alcohol, and cliloi'o- 
form evaporates. Then the temperature is raistul to 
80'’ whereby these solvents are completely rcmovcul. 
The residue is treated in the same manner as was 
described for dynamite. Should there l)e still ti’i- 
nitro-cellulose in the residue freed from c]iloi'a.t(^s 
and nitrates, they can be ascertained as follows: — 

1. By observation under a microscope with pohir- 
ized light. The trinitro - cellulose shows a l)lii(‘- 
colour, the non-nitrated cellulose a red-yellow play 
of colour. 

2. By boiling the residue with hydrochloric acid and 
sulphate of iron, whereby the nitro-cellulose givers a 
nitrous oxide reaction. 

3. By boiling the residue with alcoholic c.austic*, 
potash solution and filtering. If the filtrate is sliglitly 
acidified by sulphuric acid, it indicates free nitric 
acid or nitrous acid. 

Quantitative Investigation. 

An average sample is taken and divided with a 
horn spatula into small pieces, and it is left for fiv(‘- to 
six days in an exsiccator over calcium chloride*, to 
determine the iiioisture contents. 

The best means of removing the nitro-glyceriiu*, and 
the collodion cotton from the gelatine explosive is to 
treat with alcohol. This is best accomplished in an 
Erlenmeyer flask in which 5 g. of the finely dividcid 
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gelatinous explosive is placed, *200 cm.*^ ether alcohol 
poured over it, constantly shaken, and left for some 
hours ; the solution is mixed with an excess of chloro¬ 
form and the remaining mixture is filtered through a 
dry and weighed filter. By heating on a water-bath 
to BC the filtrate is freed from the ether alcohol. If 
camphor is contained therein, then the residue is 
shaken with carbon bisulphide. The ether extract 
can at once be filtered and the nitro-cellulose pre¬ 
cipitated by chloroform from the filtrate, but this is 
a less accurate method. 

The residue remaining on the filter can still con¬ 
tain nitro-cellulose as well as zumic powder. It is 
dried at 60"" in a dry stream of air and then weighed. 
Then the process is continued as in the case of dyna¬ 
mite. Part of the residue can be boiled with a con¬ 
centrated solution of sodium sulphide whereby the 
trinitro-cellulose is dissolved. The solution is filtered 
tlvrough a weighed filter, washed carefully with water, 
dried, and weighed. From the loss in weight the 
trinitro-cellulose content can be determined. x\n- 
otlierpart of the residue is treated with hydrochloric 
acid, whereby the carbonate and other bases go into 
solution and can be determined, whereas the dried 
and washed residue then only contains organic and 
mineral (iTisoluble in hydrochloric acid) absorbents. 
By reducing to ash, the organic substances can be de- 
tormiiuid from the difference. 

Stability and Heat Tests. 

Tlvci stability and heat tests are carried out mostly 
according to the English methods. Since the com- 
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menceinent of decomposition makes itself apparent 
through the siditting off of nitrous acid, these tests 
are based on the detection of this, whicli is effected 
with the aid of potassium.iodide paper, or better, 
starch-iodide paper. Nitrous acid lil)erates iodine 
from potassium iodide, which witli starch j)aste 
gives a deep blue compound of , starch iodide, ddixi 
test, wliicli requires special iipparatus, is usually 
carried out at lOO" F, (71" (1). 


Tjm^ hi no, 
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Acetic acid, 21, Gl), 224. I Allyl sulphide, G9. 


Acetone, glycerine obtainable 
trom, 1). 

Acid, acetic, 21, 6t), 224. 

— butyric, 21, 28, 224. 

— caproic, 21. 

— carbonic, Gb. 

— formic, 18, 28, Gb, 224. 

— glyceric, 24, Gb. 

— glycollic, Gb. 

— hydriodic, 17. 

— hydrobromic, 17. 

— hydrochloric, 14, 28, 82, G8. 

— isoleic, 41. 

— nitric, 24, G9, 78, 78, 7b. 

— oleic, 22, 29, 81, 34, 47, 192. 

— oxTilic, 18, Gb. 

— palmitic, 22, 81, 82, 87, 192. 

— propionic, 21, 28. 

-- sodium pliosphate, G4. 

— stearic, 22, 81, 87. 

— sulphuric, 28, 81, 82, 8(), 87, 

88, 8b, Gb, 7b. 

— valerianic, 21, 28. 

Acrolein, 12, 17, lb, 88, GG, 89, 

Gb. 

— production of, 20. 

— vapours of, 87. 

Aleoliol, 47. 

— allyl, Gb. 

AUli(ild‘’s copying ink, 1G4. 

Allyl alciobol, Gb. 

--production of, from glycer- 

iiie, 18. ^ 

— 18. li'.l. 


— sulphocyanide, Gb. 

Aiimion-gelatine dynamite, compo¬ 
sition of, 129. 

Ammonium nitrate, 124. 

Ammon-weather dynamite, com¬ 
position of, 128. 

Analysis of glycerine, chemical, 
208-30. 

Antiseptic soaps, liquid, recipe for, 
IbG. 

Atlas powder (America), 120. 

Badlauene air-stirring process, 
81. 

Barium carbonate, 40. 

— nitrate, 112, 118. 

Bone-charcoal, 52, Gl, G2, G8. 

Bottger’s composition for a copy¬ 
ing ink, 1G8. 

Brain’s explosive powder, 101, 
117. 

Bran, prepared, 112. 

Biichhaister, logwood copying ink 
according to, 1G4. 

Buildings, construction of, for 
nitration purposes, 82. 

Butyric acid, 21, 28, 224. 

CATiCiUM carbonate, G4. 

— chloride, 84. 

■— oxalate, G4. 

— phosphate, (54. 

painoic acid, 21. 

Xarbon, 112. 
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Curbon dioxide, 18. 

Carbonic acid, GO. 

Cartridges, fuse, 104. 

-for frozen dynamite, 104. 

— moulding of, 104. 

Castor seeds, 4B. 

Caustic lye, 47. 

Cellulose dynamite, 101, 110. 
Charcoal, 113, 124. 

— filters, (32. 

Chemical analysis of glycerine, 
208-30. 

China clay as substitute for in¬ 
fusorial earth, 111. 

Chlorbydrin, 23, 00. 

Chlorhydrins, the, 14. 

Chlorine, 15. 

Chromograph masses, 154. 

Clay dynamite, 111. 

Colour printing, prescriptions in 
connection with, 166. 

Coloured hectograph inks, prescrip¬ 
tions for various, 158. 

Colouring matters used for pro¬ 
duction of hectograph inks, 
156-7. 

Condenser, construction of, for gly¬ 
cerine distillation, 54. 

Copying ink, Allfield’s, 164. 

— — Birmingham recipe for, 

164. 

-glycerine, 162. 

—■ — logwood, recipe for, 164. 

— inks, 161. 

Cosmetics, use of glycerine in^ 
173-4. 

Crystals, glycerine, 67. 

DENtTRiFiCA.TOR foi’ extracting 
nitric acid, 87. 

Dibromhy drill, 17. 

Diehlorhydrin, 25. 

Diglycerine, production of, 90. 

— nitro-mono-chlorhydrin, 90. 
Dualin, lOl, 118. 

— cartridges, 118. 


Duadin, disadvantage of, as com¬ 
pared with dynamite, 118. 
Dynamite, 99. 

— ainmon-gelatine, composition 

of, 129. 

— analysis of, 231, 232, 233, 234, 

235, 236. 

— cartridges, ordinary, 104. 

— cellulose, 101. 

— with chemieally-active absorb¬ 

ing material, 100. 

— -non-active absorbing 

material, 100, 102. 

— factory, 105. 

— frozen, properties of, 109. 

— gelatine, 102, 111. 

-composition of, 129. 

— glycerine, examination of, by 

acetin method, 219. 

-test of, by nitration, 220. 

— guhr, composition of, 128. 

— gun-cotton, 102. 

— and lithofrakteur, experiments 

with, 115. 

— manufacture of, danger con¬ 

nected with, 105. 

— and nitro-glyeerine, investiga¬ 

tion of, 231. 

— properties of, 106. 

— of Vonges (France), 125. 

— Wetter, 98. 

Dynamites 2, 3, and 4, 101. 

— 2, 3, and 4, composition of, 

119. 


Enzymes, decomposition of fats 
by, 42. 

Bpibromhydrin, 17. 
Epichlorhydrin, 16. 

Ethyl alcohol, 21. 

Evaporation appiiratus used for 
concentration of the lyes, 49. 
Explosive gelatine, 102, 111. 

-composition of, 122, 123, 

124. 



Explosive gelatine and gelatine 
dynamite, testing of, 2B(), 287, 
288, 281). 

-preparation of, 121. 

Fat - SPLITTING, enzyme method 
of, 42. 

-by steam, process of, 41. 

Fats, decomposition of, by en¬ 
zymes, 42. 

— — — by lime, 85. 

-by steam, 40. 

-— by sulphuric acid, 8(3. 

— saponification of, by means of 

caustic alkalies or 
tluicklime, 82. 

-by use of quicklime, 88. 

-with sulphuric acid, 87, 

45. 

— table showing decomposition 
of, by steam, 42. 

Fatty acids, separation from gly¬ 
cerine, 80. 

— acids, production of, by use of 

caustic alkalies, 82. 

Filters, charcoal, 62. 

Formic acid, 18, 28, (59, 224. 
Fulminating dynamite, 124. 

Fuse cartridges, 104. 

— — for frozen dynamite, 104. 

Gas meters, glycerine as filling in, 

202 . 

Gelatine dynamite, 102, 111. 

-No. 1, composition of, 128, 

124. 

-composition of, 129. 

-discovery of, 121. 

-and explosive gelatine, test¬ 
ing of, 28(3, 287, 288, 
289. 

-kneading machines for pro¬ 
duction of, 128. 

-manufacture of, 122, 128. 

— explosive, 97, 102, 111. 

— glycerine, 147, 148. 


“ Gelignit ” (gelatine dynamite), 
124. 

Glauber’s salts, use of, in lower¬ 
ing explosion temperature of 
dynamite, 98. 

Glue and glycerine, preparations 
of, 145.' 

Glyceric acid, 24, 09. 

Glyceride, lead, 180. 

Glycerides, 22. 

Glycerine, action of iodine com¬ 
pounds on, 17. 

— addition of, to alcohols, 190. 
-to wine, beer and liqueurs, 

190. 

— adulteration of beverages with, 

198, 202. 

-- applied to the manufacture of 
inks, 156. 

-to microscopy, 189. 

-to the weaving industry, 

204. 

— in beer, determination of, 280. 

— boiling point of, 08. 

— cement, 180. 

— — behaviour of, on treatment 

with chemical reagents, 
180, 181, 182, 188. 

— chemical analysis of, 208-80. 
-properties of, 0. 

— for clay modelling, 204. 

— cold cream soap, 198. 

— composition of, 7. 

— compounds, 7-10. 

— contents, determination of, 

211. 

— copying ink, 102. 

— cream, recipes for, 170, 178, 

179. 

— crude, 50. 

— — distillation of (Van llnym- 

becke’s and W. F. Jobbin’s 
aiiparatus for), 01. 

— deliming of, 04. 

— decoloration of, 04. 

— decomposition products oi, 10. 
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Glycerine, derivation of word, 2. 

— discovery of, 1, 2. 

-crystallizing property of, 

65. 

— distillation of, 53. 

-apparatus, construction of, 

57. 

-condenser for, construction 

of, 54. 

-regulation of steam in, 54. 

— for dynamite - making, ex¬ 

amination of, 216. 

— emulsions, 176. 

— ether, 12, IB. 

— extensive uses of, B, 4, 5. 

— for explosive manufacture, 

217. 

-the extraction of perfumes, 

167. 

— for filling gas meters, 202. 

— filtration of, 61, 62. j 

-of, over bone charcoal, 64. 

— gelatine, 147, 148. 

— glue, 146, 147,148. 

-masses for making hecto¬ 
graph blocks, 150, 151, 
152. 

— and glue, prex)arations of, 145. 

— glue for printing rollers, 148, 

149, 150. 

— jelly, recipes for, 176, 178. 

— from lead soap, 27. 

— as a lubricant, 20B. 

— nitrated, explosive qualities of, 

72. 

— nitration of, 217. 

-of for producing ijowerful 

explosives, 1. 

— obtainable from acetone, 9. 

— oxidation of, 69. 

— plaster, 194. 

— production of, 1, 8, 9, 27, 75. 
-of allyl alcohol from, 18. 

— properties of, 66. 

— pure, B. 

-- production of, 51. 


Glycerine, purification of, by 
means of crystallization, 65. 
—- soaps, 182, 18B, 184, 185, 186. 
-liquid, production of, 191. 

— from soap lyes, recovery of, 40, 

48. 

— soaps, superfatted liquid lano- 

line, recipe for, 195. 

-transparent, production of, 

187. 

— solubility of various substances 

in, 70. 

— solutions, table giving specific 

gravity of aqueous, 67. 

— solvent properties of, 70, 71, 

165, 194. 

— specific gravity of, 66. 

— in the stearic acnd factory, pro¬ 

duction of, 29. 

— test for sugar contents in, 225, 

226. 

— tests for impurities in, 22H. 

— toilet recix)es, 176, 177, 178, 

179. 

— treatment of, with haloid acids, 

IB. 

-—■ — nitric acid, 7B. 

— use of, for medical xnnqjoses, 1, 

194. 

-in paper making, 206. 

-in perfume nraking, 70. 

-for preservation of furs 

and animal skins, 1B4. 
-of wliolc ani¬ 
mals, 1B7. 

-in protecting metals 

which rust easily, 20B. 

-in soap manufacture, 1, 

70. 

— — in technical cliemistry, 
70. 

-in textile industry, 205. 

-in tobacco mamifaeture, 

206. 

— — in toilet - X)reparation, 

1. 
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Glycerine used in the manufacture 
of leather, 140. 

--— of soap, 181. 

-preparation of cos¬ 
metics, 173. 

-- production of copying 

inks, 161. 

— vapours, 55, 56, 60. 

— water, the nature of, 44. 

— with water, mixtures of (tables 

showing speeihc gravities), 
213. 

— in wine, determination of, 

227. 

Glycero-phosphoric acid, 13. 

— sulphuric acid, 10, 23. 
Glycerose, 69. 

Glycollic acid,- 69. 

Guhr dynamite, 97. 

-composition of, 128. 

Gun cotton, 72, 73, 78, 94. 

-dynamite, 102. 

Gypsum, 34, 37, 45. 


Hkckmann, glycerine distillation 
jipparatus, of, 58. 

Hectograph blocks, making, from 
glycerine-glue and gelatine, 
150, 151, 152. 

— ink, black, recipe for, 160. 

-green, recipe for, 100. 

— ,— red, recipe for, 150. 

-violet, recipe for, 158. 

— inks, 156, 157. 

— masses according to Wortha, 

155. 

-formubn for making, 153, 

154, 155. 

lIcrculcH powder (America), 125. 
llydriodic acid, 17. 

Hydro!)romic acid, 17. 
Hydrochloric acid, 14, 23, 32, 63. 
Hydrogen, 69. 

— sulphuretted, 28, 


Ink, copying, Allfield’s, 164. 

-Birmingham, 164. 

-- Bottger’s composition for a, 

163. 

-glycerine, 162. 

— thin blue, recipe for, 158. 

— violet, hectograph recipe for, 

158, 159. 

Inks, copying, 161. 

— glycerine applied to the manu¬ 

facture of, 156. 

— hectograph, 156. 

-recipes for, 158, 159, 160, 

161 . 

Iodide, allyl, 17, 18, 69. 

— phosphorus, 69. 

Iodine compounds on glycerine, 
action of, 17. 

Isoleic acid, 41. 

JuDsON powder.(America), 126. 

Kaebo dynamite, 125. 

Karbonit dynamite, 125. 
Kieselguhr, 99. 

— dynamite No. 1, 99, 100. 

-applications of, 110. 

-discovery of, 102. 

-manufacture of, 103. 

— qualities of, 100. 

Kneading machines for production 

of gelatine dynamite, 123. 
Kolonial powder, 101, 116. 

Krebitz process, the (preparation 
of lime soap), 35. 

Kubin’s weather dynamite, com¬ 
position of, 128. 

Lead glycerine, 130. 

— oxide, 28. 

— soap, glycerine from, 27. 
Leather, use of glycerine in the 

manufacture of, 140. 

Lignose, 101, 117, 118. 

Lime, decomposition of fats by, 
I 35. 
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Lime, Balts of, 61, 63. 

-determination of, 223. 

— soap, 34. 

— soap, powdered, 35. 
Lithofrakteur, 101, 111. 

— advantage of, over dynamite, 

116. 

— composition of, 112-16. 

— and dynamite, experiments 

with, 115. 

Logvvood copying ink, recipe for, 
164. 

Lye, soda, 63. 

M.\(iNEsu, use of, in decomposition 
of fats by steam, 41, 42. 
Manganese, 112, 113. 

— sulphate, use of, in decom¬ 

position of fats by enzymes, 
44. 

Meganit dynamite, 125. 

Methylic alcohol, 00. 
Monochlorhydrin, 25. 

“ Montejus,” the, 70, 83. 

Nitiiate, ammonium, 124. 

— sodium, 124. 

Nitration apparatus, 80-84, 

-newer type of, according to 

0. Giittmann, 83. 

— of glycerine, 217. 

— vesse', pattern of an older, 82. 
Nitric acid, 24, 38, 61), 73, 78, 70. 

-triglyceride, 25. 

Nitro-glyceride ester, 26. 
Nitro-glycerine, 2, 3, 26. 

-as to acid and alkali, 

analysis of, 231. 

-application of, in teclinics 

of explosives, 98. 

-chemical constitution of, 

73. 

—■ — decomposition of, during 
explosion, 07. 

-discovery of, 3. 


Nitro-glycerine and dynamiU^, in¬ 
vestigation of, 231. 

-effect of, on worktnoi}^ 02. 

-explosion of, ami tln^ re¬ 
sulting gJiscH, 0.3. 

-as an in(lire(;t explosive 

Buhstfinco, O L 

-Nobel’s process for obtain¬ 
ing hirge (jiuiintitiiis of, 
75, 76. 

-production of, Uiccording to 

Sobrero, 74. 

— — properties of, 72, HH. 

-— —. — of vau’ious tempei'n, 
ill res, 01. 

-- propin'iy of, in pnxuiss of 

decomposition, 06. 

-pure, sped lie gravity of, 

00 . 

-and waste atud, separadioii 

of, 86. 

-yield of, from glye<irlne, HH. 

— — the inaniifa,e.im’(M)f, 70. 
Nitro-powder, saJ'e.ty (Amerie.a), 

126. 

N(jbel, cxjHjrimenis by, 0 1, 05. 

— explosive oil, 72, 

Nobel’s procKiss, for obtaining Ia.rge 
<|uantiti(nsof niti’o-glycierine, 75, 
76. 

— weatlna’ (lynamiUg (composition 

of, 128! 

Oin, olive, 28. 
palm, 3.3, 4 I. 

01(6(5 a(5id, 22, 29, .31, .34, 41, 47. 

-192. 

Olein, 31. 

Olive oil, 28. 

Oxali(5 anid, 18, 60. 

Oxide, l(5a{l, 28. 

PaijM oil, 3.3, 41. 

raliniti{5* ji(5i(l, 22, 31, 32, 37, 
192. 

ralinitin, 31. 
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Pantopollit dynamite, composition 
of, 125. 

Perfumes from flowers, extraction 
of, by means of glycerine, 167. 
Petroleum, hair, preparation of, 
179. 

Phosphorus iodide, (39. 
Phosphorus pentoxide, 69. 

Potash lye, 46. 

— soap, 46. 

Potassium hydroxide, 69. 

Printing rollers, glycerine glue for, 
148, 149, 150. 

Propionic acid, 21, 23. 

Propylene, 17, 18. 

Eiikxit dynamite, 125. 

Salt, common, 46. 

Saltpetre, 76. 

Salts of lime, 61. 

Sarrau and Vieille, experiments of, 
97. 

Sawdust, prepared, 112. 

Sebastin and Serranin explosives, 
119. 

Soap, glycerine cold cream, recipe 
for, 193. 

— — used in the manufacture 

of, 181. 

— lead, glycerine from, 27. 

— lime, 34. 

-preparation of (Krebitz’s 

process), 35. 

— lye glycerine, 61. 

— lyes, recovery of glycerine from, 

46. 

— potash, 46. 

-oleine, 192. 

— production of, 46. 

— sodium, 46, 47. 

Soaps, glycerine, 182, 183, 184, 
185, 186. 

— liquid antiseptic, recipe for, 

196. 

-storax, recipe for, 195. 


Soaps, liquid tar, recipe for, 194. 

— transparent glycerine, produc¬ 

tion, of, 187. 

-recipes for, 191. 

Soda crystals, 97. 

— lye, 47, 52, 63. 

Sodium carbonate, 64. 

— nitrate, 124. 

— oxalate, 64. 

— sesqui-carbonate, 112,113. 

— soap, 46, 47. 

Spodium, 61. 

— powder, black, 64. 

Steam, decomposition of fats by, 
40. 

— regulation of, in distillation of 

glycerine, 54. 

Stearic acid, 22, 31, 37. 

- factory, production of 

glycerine in the, 29. 
Stearin, 31. 

Stonit dynamite, 125. 

Storax soaps, liquid, recipes for, 
195. . 

Sulphide, allyl, 69. 

Sulphocyanide, allyl, 69. 

Sulphur, 112, 113. 

Sulphuric acid, 23, 31, 32, 36, 37, 
38, 39, 69, 79. 

-decomposition of fats by, 

35. 


Tallow, 33, 41. 

Tar soaps, liquid, recipe for, 194. 
Tetrachlorhydrin, 15. 
Tetra-nitro-glycerine, production 
of, 89. 

Trauzl experiments, 120. 
Tribromhydrin, 17. 

Trichlorhydrin, 15. 

Triglyceride, nitric acid, 25. 
Triglycerides, 22. 
Trinitroglycerine, 25. 
Tri-nitro-glycerine, use of, for ex¬ 
plosive purposes, 73. 
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Twitchell process, the, for pro¬ 
duction of fatty acids, 39. 

Valerianic acid, 21, 23. 

Vigorit (America), 126. 

Vulcan powder (America), 126. 

Waste products, 87. 


Water contents of glycerine, tables 
showing, 212. 

“Weather” dynamites, 126. 
Wetter dynamite, 98. 

Zinc chloride, anhydrous, 38, 39. 
Zumic powder, 122. 

-preparation of, 124. 


ABERDEEN : THE UNIVERSITY PRESS 



